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We're looking for the best 
ideas in the world. 


The Ryman Prize is an international award 
aimed at encouraging the best and brightest 
thinkers in the world to focus on ways to 
improve the health of older people. 


The world’s ageing population means that in 
some parts of the globe — including much of 
the Western world — the population aged 75+ 
is set to almost triple in the next 30 years. 


The burden of chronic diseases including 
Alzheimers and diabetes is set to grow at the 
same time. 


In order to stimulate fresh efforts to tackle 
the problems of old age, we're offering 

a $250,000 annual prize for the world’s 

best discovery, development, advance or 
achievement that enhances quality of life for 
older people. 


The Ryman Prize was first awarded in 2015 
to Gabi Hollows, co-founder of the Hollows 
Foundation, for her tireless work to restore 


sight for millions of older people in the 
developing world. 


World-leading researchers Professor Henry 
Brodaty and Professor Peter St George-Hyslop 
won the prize in 2016 and 2017 respectively for 
their pioneering work into Alzheimer’s Disease. 


The 2018 Ryman Prize went to inventor 
Professor Takanori Shibata for his 25 years of 
research into robotics and artificial intelligence. 


The 2019 prize winner was Dr Michael Fehlings, 
a Canadian neurosurgeon who has dedicated 

a long career to helping older people suffering 
from debilitating spinal problems. 


If you have a great idea or have achieved 
something remarkable like Gabi, Henry, Peter, 
Takanori or Michael we would love to hear 
from you. 


Entries for the 2020 Ryman Prize close at 50m 
on Friday, June 26, 2020 (New Zealand time). 
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Dear reader, 
On7 January, New Scientist 
reported for the first time ona 
mystery disease in Wuhan, China. 
On 1 February, the virus responsible 
appeared on our front cover for 
the first time. “How bad is it likely 
to get?” we asked. The answer, of 
course, turned out to be very bad. 
As New Scientist went to press 
this week, confirmed global cases 
of covid-19 stood at 4,834,449, 
with 319,031 official deaths - and 
that is with much of the world in 
lockdown, our skies almost empty 
of planes. As lockdown measures 
Start to lift, there will be resurgences 
of the disease (See page 8). No one 
should bet on anything like the old 
normal for a long while to come. 
In today’s magazine, we have 
a feature (See page 41) that offers 
asmall note of hope, however: a 
detailed look at why viruses tend 
to become less lethal. So even 
though a vaccine and treatments 
for covid- 19 may be far off, and 
indeed cannot be relied on as 
away out of this, time is on our 
side — atleast in the long term. 
Also in this issue, our reporters 
answer your covid- 19 questions 
(see pages 10 to 11), from 
whether you really need to wash 
your shopping to whether vitamin 
D can help prevent infection. For 
many of them, the answer must 
be that the science isn’t yet in. But 
we can still give you a state of play 
on the best research done so far. 
Allthe best to you, 


Emily Wilson 


New Scientist editor 
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get instant access via 
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At Middlesex, we've always taken 
a practical approach to research and 
teaching. Right now that means 
coordinating a hands-on response 
to the coronavirus outbreak. 


Our staff and students are working 
on the NHS frontline, leading 
important research and producip 
essential equipment to keep 
people working in hospitals safe. 
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We’re ready to 
work together to 
tackle coronavirus. 


The leader 


Our five appetites 


Human hunger is far more complex than we thought 


IF YOU feel like your diet has completely 
gone to pot during lockdown, you 
probably aren’t alone. Stress and 
boredom are known risk factors for 
overeating, and there is emerging 
evidence that many people, in the 
UKat least, are struggling to resist the 
comforts of food. Medical authorities 
are already worried about a parallel 
pandemic of mental illness. Maybe 
they should add weight gain to the list. 

An unhealthy diet is often blamed 
on poor choices and a lack of willpower. 
These can play a part, but new research 
on appetite tells us that they are far 
from the whole story. 

Appetite is conventionally viewed 
as a single, powerful drive to eat. 
But it isn’t so simple. Some animals, 
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including humans, appear to actually 
have five separate appetites that work 
together to calibrate an individual’s 
food intake (see page 30). 

That set-up works in natural food 
environments, but many people stopped 
living in such an environment decades 


“Ultraprocessed foods are 
quintessential lockdown 
fare: ready meals, savoury 
snacks and ice cream” 


ago. “Ultraprocessed foods” made 
from cheap fats and carbs — which 
are pulverised, mixed with additives 
and then cooked up into finished 
products —now make up more than 
half of the typical Western diet and 


NewScientist 


MANAGEMENT 


Chief executive Nina Wright 
Finance director Amee Dixon 
Marketing director Jo Adams 

Human resources Shirley Spencer 
HR coordinator Serena Robinson 
Facilities manager Ricci Welch 
Executive assistant Lorraine Lodge 
Receptionist Alice Catling 


Non-exec chair Bernard Gray 
Senior non-exec director Louise Rogers 


CONTACT US 


newscientist.com/contact 
General & media enquiries 
US PO Box 80247, Portland, OR 97280 
UK Tel +44 (0)20 76111200 
25 Bedford Street, London WC2E 9ES 
Australia 418A Elizabeth St, Surry Hills, NSW 2010 
US Newsstand 
Tel +1973 909 5819 
Distributed by Time Inc. Retail, a division of Meredith 
Corporation, 6 Upper Pond Road, Parsippany, NJ 07054. 
Syndication 
Tribune Content Agency 
Tel 1-800-346-8798 Email tca-articlesales@tribpub.com 
Subscriptions 
newscientist.com/subscribe 
Tel 1 888 822 3242 
Email subscriptions.us@newscientist.com 
Post New Scientist, PO Box 3806, Chesterfield MO 63006-9953 


Periodicals postage paid at New York, NY and other mailing offices 
Postmaster: Send address changes to New Scientist, PO Box 3806, 
Chesterfield, MO 63006-9953, USA. 


Registered at the Post Office as a newspaper and printed in USA by 
Fry Communications Inc, Mechanicsburg, PA 17055 


are the quintessential lockdown 
foods: ready meals, savoury snacks 
and ice cream. 

These foods have long been blamed 
for diet-related diseases, and they are 
guilty as charged. Yet not for the reasons 
we assume. Ultraprocessed foods tend to 
be high in fats and sugar, but while they 
are low in protein, they tend to taste as 
ifthey are high in protein. This subtlety 
has crashed our five-appetite system 
and is why our instinct to eat the correct 
amount of protein may now be leading 
us to gorge on junk. 

It turns out that understanding 
all your different appetites is crucial. 
Whether you choose to act on the 
knowledge now or after the lockdown 
is, of course, up to you. ff 
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News Coronavirus 


5 geen 


Global food crisis looms 


The covid-19 pandemic could lead to extreme poverty that leaves 
many struggling to afford food, reports Adam Vaughan 


THE covid-19 pandemic’s impact 
on hunger around the world could 
be worse than when food prices 
spiked calamitously in 2007 and 
2008, a leading food security 
expert has warned. 

Unlike during the crisis 13 years 
ago, when the root of the problem 
was a scarcity of food, the big 
issue this time is economic 
downturns hitting the ability 
of millions of people to be able 
to afford food, Martin Cole at 
the University of Adelaide in 
Australia told New Scientist. 

“I think this has the potential 
to be more significant than the 
last time around. Not because 
of [food] availability, but because 
the big unknown is the extent and 
longevity of the global recession. 
That has the potential to push 
millions of people into extreme 
poverty and we know that has 


a big impact on food security,” 
said Cole. 

The United Nations World 
Food Programme (WFP) last 
month cautioned that the 
coronavirus crisis could double 
the number of people in acute 
food insecurity this year, to 
around 265 million globally. 

Maximo Torero at the UN Food 
and Agriculture Organization 
(FAO) says the current situation 
is substantially different to the 
2007-08 food security crisis, 
with a key issue being difficulties 
moving food around in the face 
of trade and travel restrictions 
in many countries. 

“The problem is not a problem 
of food availability, the problem 


today is of food access,” he says. 
“We have food available and we 
have a very good harvest of cereals 
this year. The problems we are 
seeing are logistical problems, and 
especially high-value commodities 
because they are perishable and 
any logistic delay will affect them.” 

Food stocks are around double 
the level they were during the 
2007-08 crisis, said Cole. 

“We think it’s a very ironic 
situation. We see rising hunger 
in a world of plenty. Global crop 
markets are well supplied and 
relatively stable,” said Martien 
van Nieuwkoop of the World Bank, 
speaking at a virtual meeting last 
week held by the FAO. 

Another challenge to food 


Daily coronavirus news round-up 
Online every weekday at 6pm BST 
newscientist.com/coronavirus-latest 


Strawberries being picked 
in a greenhouse in Spain 
this month 


systems is decreased demand 
leading to lower prices, which 
will mean farmers needing 
support to cope in many parts 
of the world, says Torero. 

The FAO’s index of the 
most commonly traded food 
commodities, including cereals 
and dairy, shows food prices have 
declined for three months ina 
row, with April 2020 down 3 per 
cent on April 2019. “The biggest 
problem we will be facing will 
be lower prices,” says Torero. 

Another risk is to smallholder 
farmers in parts of Africa, says 
Chris Nikoi, the WFP’s regional 
director for West Africa. With 
many younger people leaving 
for cities, these farmers tend to 
be older and so more vulnerable 
ifthe coronavirus reaches them 
and they are infected. “Ifthis aged 
population begins to be affected 
by this pandemic, it will have 
serious implications for food 
production,” he says. 

Analysis by Torero suggests 
that in an optimistic economic 
scenario, an extra 14.4 million 
people will be undernourished 
in countries that are net importers 
of food. In a pessimistic scenario, 
however, that number could be 
more than 80 million. 

“There is a significant new 
inflow of potential people moving 
into undernourishment,” said 
van Nieuwkoop. 

Nikoi is also concerned about 
the impact on child nutrition from 
schools being shut across Africa. 
He says that around 65 million 
children who normally eat “some 
form of nutritious meal at school 
are no longer getting it” and work 
is under way with governments 
to replace those meals. He cited 
one mother of five in Gambia who 
told him that she now had more 
mouths to feed because schools 
were closed. 

Adding to the pressure on food 
security this year are swarms 
of locusts in the Horn of Africa, 
which the FAO are calling the 
worst in a quarter ofa century. # 
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News Coronavirus 


Analysis Exit strategies 


When is it safe to ease lockdowns? Contact tracing 
and a low number of new cases are crucial before lifting 


coronavirus restrictions, reports Jessica Hamzelou 


BY APRIL this year, around half of 
the world’s population was under 
some kind of lockdown. Such 
restrictions helped slow the spread 
of the coronavirus. As new cases 
decline in many places, countries are 
beginning to ease restrictions. How 
can we know it is safe to do so? 

The World Health Organization's 
principal recommendation is that, in 
order to move to a sustainable level 
of virus transmission, countries 
should have the spread of the 
virus under control. In practice, this 
means seeing a robust decline in 
the number of cases. 

The WHO also advises that 
countries use testing and contact 
tracing to identify and isolate new 
cases of covid- 19. Without screening 
and isolation, easing restrictions 
will inevitably lead to the number of 
new infections rising again. When 
New Scientist went to press, the 
UK government appeared to be 
on course to restart contact tracing 
imminently, after controversially 
abandoning it in March. 

Yet to ease restrictions, a country’s 
number of cases also needs to be at 
amanageable level, says Christina 
Pagel at University College London. 
A lot of attention has been paid to 
the R, or reproduction number: the 


Analysis Risk factors 
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number of people each person with 
the virus is likely to infect. If this is 
above one, cases will continue to 
rise exponentially, so the aim is to 
keep it below this. But that alone 
isn’t enough, says Pagel. 


“Say you have an R of just less than 


one. That will give you a stable level 
of infection," says Pagel. “But if that 


stable level of infection is thousands 


a day, that's not really going to help 
you — you're going to end up witha 


Diners are distanced 
in greenhouses at an 
Amsterdam restaurant 


Smokers are actually at a higher 
risk of dying from covid-19 


A NUMBER of studies suggesting 
smokers are less likely to catch 
coronavirus have led to headlines 
saying that smokers are “protected” 
against covid-19 — but this probably 
isn’t the case. 

Cigarettes seem like an unlikely 
ally against a respiratory virus. 
Tobacco smoke damages the tiny 
air sacs in the lungs where oxygen 
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enters the blood, and slows down 
the hairs lining the body’s air 
passages that gently waft along 
mucus. Smokers are affected more 
severely by colds and flu, and years 
of smoking can lead to a type of 
lung failure known as emphysema, 
which is a form of chronic 
obstructive pulmonary disease. 
But data emerging from the 


really burdened health system.” 

The UK government reported 
2684 positive test results on 18 May. 
Even when new case numbers 

are low, lifting restrictions will 
always Carry arisk of asecond wave 
of infections. South Korea brought 
its outbreak under control witha 
stringent policy of testing, isolation 
and contact tracing. In recent weeks, 
the country was reporting only 
around 10 new cases per day. 
However, following eased restrictions 
from 6 May, the Korea Centers for 
Disease Control and Prevention last 
week confirmed 102 new cases 


countries first hit by coronavirus 
gave doctors pause: the proportion 
of smokers among those being 


hospitalised for covid-19 was lower 


than in the general population. In 
China, for example, about 8 per cent 
of people in hospital with covid-19 
were smokers, while 26 per cent 
of the general population smoke. 
The equivalent figures for Italy are 
8 and 19 per cent respectively. 
“The data seem to be repeated 
in different countries,” says 
Alberto Najera at the University 
of Castilla-La Mancha in Spain, 


linked to nightclubs in Seoul. Asa 
result, some clubs and bars have 
been ordered to close again. 

There are concerns that similar 
outbreaks might occur in Germany, 
thanks to the gradual lifting of 
restrictions since the end of April. 
Germany's early response to the virus 
and mass testing strategy brought 
the country's R down from more than 
three to just below one during March. 
But last week, between 407 and 927 
new cases were reported every day, 
and estimates from the Robert Koch 
Institute in Berlin suggest that the R 
may have risen above one since 6 May. 

In Wuhan, China, five new 
cases of the virus were reported 
on 10 May, after the city where 
the global outbreak started eased 
some restrictions in early April. 
However, other than a handful of 
cases, there doesn't appear to have 
been a second wave of infections. 

Itis unlikely that any country exiting 
lockdown will return to how things 
were before the outbreak. Social 
distancing, regular handwashing 
and, insome places, face masks may 
become anew normal. “There’s an 
assumption that we can get to a point 
and then relax,” says Paul Hunter 
at the University of East Anglia, UK. 
“That's afalse assumption.” ff 


whose team analysed figures 
from 18 of the first such reports 
(Preprints, doi.org/dv8f). He says 
nicotine may reduce the immune 
system's tendency to overreact 
to the virus and cause a cytokine 
storm, an inflammatory response 
that can be deadly. 

A different idea, put forward by 
Jean-Pierre Changeux at the Pasteur 
Institute in Paris, is that nicotine 
lowers the amount of a molecule 
on lung cells called ACE2, which the 
coronavirus uses to gain entry into 
those cells (Qeios, doi.org/dv8h). 


Safety 


Preventing airborne infection 


Good ventilation is essential in indoor spaces including planes 


Michael Le Page 


VENTILATION must be improved 
in buildings and aeroplanes 
to reduce the risk of covid-19 
spreading via the air, according to 
recommendations from several 
organisations, including the 
European Union Aviation Safety 
Agency. It is unclear if this advice 
is being followed. 

We know the coronavirus can 
spread via droplets in air, but 


94. 


people on the same office floor 
were infected by one person 


there is still debate about the 
details and how much this form 
of transmission contributes to the 
virus’s spread. What is clear is that 
the risk is greatest if you spend 
along time ina confined, poorly 
ventilated space with others who 
might be infected—- something 
that many workers cannot avoid. 
For this reason, scientists and 
safety experts think there should 
be more emphasis on improving 
ventilation, in addition to 
measures such as handwashing 
and social distancing. “The most 
significant measure is to increase 
ventilation to remove the virus- 


But many of the reports that 
find lower rates of smoking among 
covid-19 patients also suggest that 
smoking is more common among 
people who get sickest and die 
(Qeios, doi.org/dv8j). This is hard 
to explain if nicotine really protects 
against the coronavirus. 

Questions have also been raised 
about the accuracy of the initial 
reports. Some people recorded as 
non-smokers may have recently 
stopped due to the pandemic, says 
Nick Hopkinson at Imperial College 


laden droplets from the indoor 
environment where they were 
exhaled,” says Lidia Morawska 
at the Queensland University 
of Technology in Australia. 

When infected people cough, 
sneeze, sing, talk or even breathe, 
they emit droplets containing the 
coronavirus into the air. The closer 
you are to them, the more likely 
these droplets are to end up in 
your eyes, nose or mouth. This 
much everyone agrees on. 

In January, 10 people from three 
different groups became infected 
after eating at a restaurant in 
Guangzhou, China. It is thought 
that the air flow from an air 
conditioner blew droplets from an 
infected person to nearby tables. 

And in March, one member of 
achoir infected at least 32 of the 
61 people at a practice in a small 
church in Washington state, 
according to a report by the US 
Centers for Disease Control and 
Prevention. The choristers say 
they used hand sanitiser and tried 
to maintain social distancing. 

The World Health Organization 
says airborne transmission via 
small droplets is possible, but only 
when medical procedures generate 
aerosols, such as intubating a 


that in places like Italy where there 
weren't always enough intensive 
care beds to go round, some may 
have lied about smoking, he says. 

Perhaps the biggest concern is 
that it isn't valid to compare smoking 
rates among coronavirus patients 
with the general population, says 
Eleanor Murray at Boston University. 
Most people who have severe 


“Unpublished findings 


suggest smokers may be 
25 per cent more likely 


London. There has been speculation to develop covid-19” 
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The risk of coronavirus 
infection seems greater 
in confined spaces 


person to put them on a ventilator. 
Linsey Marr at Virginia Tech 
says the virus-carrying droplets 
emitted by infected people range 
from microscopic ones to those 
large enough to be visible. But 
people emit thousands of times 
more smaller droplets than large 
ones, and she thinks these smaller 
droplets are what infect people. 
Although microscopic droplets 
can travel further in the air than 
larger droplets, says Marr, their 


enough covid-19 infections to end 
up in hospital are older, and older 
people have lower smoking rates. 
Rather than looking at smoking 
rates in hospital patients, Hopkinson 
is using an app downloaded by 
1.5 million people in the UK to track 
their cases. His findings aren't yet 
published, but suggest that smokers 
are about 25 per cent more likely 
to develop covid-19 symptoms - 
although this is judged by users’ 
self-reports, not medical tests. 
Arecent study looked at the 
health records of 17 million people 


concentration falls off rapidly 
with distance. Outdoors, people 
are unlikely to breathe in enough 
virus to infect them unless they 
remain close to an infected person 
for an extended period. Indoors, 
the risk is much higher. 

There is plenty of evidence that 
confined spaces pose a higher risk. 
For instance, one person in South 
Korea infected 94 of the 216 people 
working on the same office floor. 
However, to what extent airborne 
spread contributes to such clusters 
remains unclear. 

A report from China attributes 
coronavirus infections among bus 
passengers in Hunan province to 
airborne spread, with one person 
sitting 4.5 metres from someone 
who infected them. It suggests 
the virus can remain airborne 
for at least 30 minutes. 

The UK’s Chartered Institution 
of Building Services Engineers 
recommends using only outside 
air if possible, rather than 
recirculating air within buildings, 
and says HEPA filters or ultraviolet 
sterilisers could eliminate any 
airborne virus. The European 
Union Aviation Safety Agency 
issued similar recommendations 
for aircraft operators. 8 


in England to establish risk factors 
linked with dying from covid-19 
among (medRxiv, doi.org/dt9z). 
The results for smoking change 
depending on which other risk 
factors are included. But the 
most logical analysis according 
to Hopkinson, adjusting for age 
and sex only, finds smokers ata 
somewhat higher risk of dying 
from covid-19. “The claim that 
smoking is protective is interesting 
and perplexing, but it doesn’t 
stand up to scrutiny,” he says. § 
Clare Wilson 
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News Coronavirus 


What we know so far 


Your questions answered 


Reporters Jessica Hamzelou, Michael Le Page and Clare Wilson answer 


questions put to us by readers via email and Twitter 


Why do people without underlying 
health conditions get seriously 

ill from covid-19? 

Some people get seriously ill 
from covid-19 without any known 
risk factors. Genetic make-up is 
likely to play a role—we have long 
known that having a parent who 
died young from an infectious 
disease puts you at a sixfold 
greater risk of doing so yourself. 
The genes that make a difference 
are probably involved in the 
immune system. 


Are you protected if you have been 
infected by a different coronavirus? 
There are at least four other kinds 
of coronavirus that cause coughs 
and colds, but we don’t know if 
having encountered one of these 
puts you in a worse or better 
position. Often, if your immune 
system makes antibodies against 
one microbe, it gets a head start 
for fighting a related one later on. 
But this doesn’t always 
apply. There is evidence that 
encountering a virus can 
sometimes lead to worse 
symptoms in subsequent 
infections involving the same 
virus or a similar one. 


“It isn’t safe to assume you 
can’t catch or spread the 
virus if you have already 
recovered from it” 


This seems to happen when 
the body doesn’t make very 
effective antibodies. Worryingly, 
there are hints from animal 
studies that these can be triggered 
by the SARS coronavirus — leading 
to concerns that prior coronavirus 
infections may be harmful, not 
protective (Nature Reviews 
Immunology, doi.org/ggs9v)). 


Do people who survive covid-19 
become immune to the virus? 


The consensus is that recovered 
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people will have some level 
of protection for at least a 
few months. We don’t yet 
know how much protection 
or how long it will last. 

People who recover from 
coronavirus infections do so 
because their immune systems 
kick in and eliminate the virus, so 
they are immune at their point of 
recovery. But a 1990 study of other 
human coronaviruses found that 
people can be reinfected with the 
same Virus a year later— although 
the second time around they 
didn’t get symptoms and were 
infectious for a shorter period. 

So it isn’t safe to assume that 
you can’t catch or spread the 
coronavirus if you have already 
recovered from it, and we may 
find that vaccines cannot provide 
permanent protection as a result. 


Can vitamin D supplements improve 
our immune response to covid-19? 
There is a link between levels of 
vitamin D-—which seems to play a 
role in our immune system — and 
some other viral infections, like 


the flu and other respiratory tract 
infections, but it isn’t clear cut. 
We get most of our vitamin D 
from exposure to sunlight, and 
many people are deficient in 
vitamin D, especially those in 
countries that get less sunlight 
and those with dark skin tones. 
However, when Susan Lanham- 
New at the University of Surrey, 
UK, and her colleagues compared 
vitamin D levels in people who 
tested positive for the coronavirus 
with those in people who didn’t, 
they found no difference. 
Ahandful of randomised, 
controlled clinical trials are under 
way. We don’t know if vitamin D 
will be helpful for fighting off 
covid-19, but it is best to make sure 
you aren’t vitamin D deficient. 


Will social distancing measures 
have an effect on other infections, 
like flu and measles? 

They already are having an effect. 
In Australia, the flu season should 
be building up around now, but flu 
cases there in April were in the low 
hundreds, compared with nearly 


Some level of travel is likely 
to continue between most 
countries worldwide 


19,000 at the same time last year. 
Lots of hand washing and 
keeping at a distance is bad 
news for any respiratory virus, 
including coughs, colds, measles 
and chicken pox. When social 
distancing measures ease, though, 
rates of other infections are likely 
to return to their normal levels. 


What is the risk of catching the virus 
from fresh produce? 
We don’t know for sure, but it is 
likely to be low. The virus has been 
found to persist on surfaces for 
days, or even weeks given the right 
environment, yet it is unlikely to 
remain infectious for this long. 
“[The risk is] almost certainly low, 
but you should still wash your 
fruit and veg when you get home, 
especially ifit is likely to have been 
on display,” says Paul Hunter at 
the University of East Anglia, UK. 
Properly cooking food will kill 
off viruses. But if you plan to eat 


your fruit and veg raw, it is 
worth washing them. The 
advice from the World Health 
Organization (WHO) is to “wash 
them the same way you would 


“Properly cooking food will 
kill off viruses. The WHO 
recommends washing 
raw fruit and veg” 


in any other circumstance”, 
which means washing your 
hands before you handle them, 
and washing produce with 
water before you eat it. 


Are toilets and sewage systems 

an infection risk? 

It is possible, because people with 
covid-19 shed the virus in their 
faeces. When Yuguo Liat the 
University of Hong Kong and his 
colleagues analysed surface and 
air samples taken from a hospital 
treating people with covid-19, 
the team found the most virus 

in samples taken from toilets 
(medRxiv, doi.org/dv8t). 

In 2003, the SARS virus is 
thought to have spread through a 
housing block through plumbing 
and ventilation systems, but 
overall, the risk of getting the 
virus from toilets or sewage 
is low, according to the WHO. 


What is more likely - a successful 
vaccine, or an effective drug? 

We are likely to see several drugs 
approved for treating covid-19 
before any vaccine becomes 
available, but they won’t be 
miracle cures. 

We will almost certainly find 
drugs that have statistically 
significant effects, but these 
effects are likely to be modest. 
For instance, a drug called 
remdesivir has received 
emergency use approval in 
the US based on initial results 
suggesting that it shortens 
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recovery time, but it doesn’t seem 
to reduce the number of deaths. 

A real game-changer would 
be a drug that helps people with 
severe covid-19 recover. Instead 
of targeting the virus, sucha drug 
would need to help reverse the 
severe inflammatory response — 
called a cytokine storm — that it 
triggers in some people. No such 
drug has been developed yet. 

Human trials of several vaccines 
have already begun. There is no 
guarantee that these efforts will 
succeed, but many vaccine 
researchers are optimistic. 


Could antibodies from recovered 
patients be used as a treatment 
for covid-19? 

This approach is already being 
tested in about 20 randomised 
trials. The idea behind 
convalescent plasma or serum 
therapy, as it is known, is that it 
can take weeks for our bodies to 
produce enough antibodies to 
overcome a new virus. Injecting 
severely ill people with antibodies 
made by others who have recently 
recovered could help fight the 
virus in the meantime. 


A14 May review of the handful 
of small, non-randomised studies 
published so far concluded that it 
was uncertain if this approach is 
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effective against the coronavirus 
(Cochrane Database of Systematic 
Reviews, doi.org/dv8v). What’s 
more, one of the 32 people treated 
in these studies developed 
anaphylactic shock. 

Even if serum therapy is 
effective, it is hard to scale up. 
Several firms are starting to make 
pure antibodies in factories, an 
approach that is likely to be safer. 


You can take pills to cut your risk 
of catching HIV - could something 
similar be made against the 
coronavirus? 

For a few years, pre-exposure 
prophylaxis (PrEP) has been 
enabling higher-risk people to 
cut their risk of contracting HIV. 

There is currently an intense 
research effort to develop antiviral 
drugs that could treat covid-19 by 
stopping the coronavirus from 
multiplying. If successful, these 
antivirals could potentially be 
used in a prevention strategy 
similar to HIV PrEP. 

However, to take a drug for 
preventive purposes, rather than 
as a treatment, we need to be as 
sure as possible that it is safe, and 
that is likely to take many years. 
Because most people don’t get 
severely ill with covid-19, it is likely 
that such a preventive drug would 
be given only to those thought 
to be particularly vulnerable 
or at high risk of exposure. 


Will countries that successfully 
contain the virus refuse visitors 
from countries that don’t? 

It isn’t clear how travel bans 
might slow the spread of disease. 
Only a handful of studies have 
estimated how such bans might 
have affected the spread of 

Ebola and SARS. These suggest 


Flu vaccines help protect 
those most vulnerable or 
likely to catch influenza 


that, while bans might delay the 
arrival ofa virus, they don’t stop 
the spread in the long term. 

Travel bans have been 
implemented in several countries, 
and it is plausible that countries 
will consider longer-term 
measures, or wider use of testing 
and quarantine for any new 
arrivals. But there will always be 
some travel between countries, 
says Hunter. “In a global society, 
you can’t ban all movement in 
and out ofa country,” he says. 
“You'd starve to death.” 


Will covid-19 always be with 

us or can it be eradicated? 
Countries such as China, South 
Korea and New Zealand are 
showing that it probably is 
possible to eliminate the virus. 
This requires a lot of effort 
though. China is trying to test 
11 million people in 10 days 

to prevent a second wave 

of infection in Wuhan. 


“It probably is possible to 
eliminate the virus - but 
it requires resources and 
political will” 


Many countries lack the 
resources or political will to 
do this. The US and the UK, for 
example, are already looking at 
easing coronavirus restrictions 
despite having large outbreaks 
and insufficient systems for 
testing and contact tracing. If 
approaches like this continue, the 
virus will become widespread and 
come to be seen as less ofa threat, 
but only after many more deaths. 

A vaccine could be the answer 
to wiping the virus out, but as the 
WHO’s Michael Ryan noted at a 
press conference on 13 May, we 
have failed to eradicate diseases 
for which we do have vaccines, 
such as measles. “The virus may 
never go away,” he said. fl 
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News 


Space exploration 


A chance to catch a comet's tall 


A European Space Agency mission may be about to have a lucky encounter 


Jonathan O’Callaghan 


A RECENTLY launched spacecraft 
may cross paths with a comet that 
began disintegrating last month, 
which could help us learn more 
about these icy objects. 

Geraint Jones at University 
College London and his colleagues 
have calculated that the Solar 
Orbiter spacecraft will pass behind 
comet C/2019 Y4 (ATLAS) at a 
distance of about 30 million 
kilometres in a matter of weeks 
(arxiv.org/abs/2005.03806). 

The European Space Agency 
(ESA) probe, which was launched 
on 10 February, may pass through 
the comet’s two long tails, allowing 
it to perform unprecedented 
studies of debris from the object. 

“At the end of May, there’s a 
chance that Solar Orbiter may 
cross the ion tail,” says Jones. “And 
then a few days later, on 6 June, 
it’ll cross the comet’s orbital plane, 
and that’s where the dust tail is.” 

The ion tail ofa comet consists 
of the electrically charged particles, 
or ions, pushed behind it for many 
millions of kilometres by charged 
particles from the sun, the solar 
wind. The dust tail, meanwhile, 
comprises grains of dust that 
have been dislodged from the 
comet and follow its orbit. 


Pollution 


NASA/TIFFANY CLEMENTS 


Solar Orbiter has a suite of 
instruments designed to study the 
sun, including those to take the 
first-ever images of its poles. Some 
of these instruments could also 
examine the tails of comet ATLAS. 

The ESA was unaware of this 
opportunity before the craft 
launched, so is now looking 
into what can be achieved. “The 
decision should be taken in the 
next days,” says Yannis Zouganelis, 
the deputy project scientist for the 
Solar Orbiter mission. “If positive, 
the measurements would start as 


We may have missed microplastic in the sea, people used 


half the microplastic 
in the ocean 


WE HAVE underestimated the 
amount of microplastic in the ocean, 
by a factor of 2.5 at least. Many of 
the smallest pieces are thin fibres. 
Millions of tonnes of plastic waste 
enter the ocean every year. Much 
of this is tiny fragments, known as 
microplastic, which are invisible 
to the naked eye. 
“When we started looking for 
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traditional plankton nets,” says 
Penelope Lindeque at Plymouth 
Marine Laboratory in the UK. These 
have holes about 333 micrometres 
across, so they don’t catch 
fragments smaller than that. 
Lindeque and her colleagues 
trawled the ocean surface with 
three kinds of net with holes 500, 
333 and 100 micrometres wide. 
They repeated the study in two 
widely separated regions: the Gulf 
of Maine and the English Channel. 
The nets with 100-micrometre 


soon as possible and last for as 
many days as needed to cover 
the entire period of interest.” 
The spacecraft is currently in 
a commissioning phase, testing 
out its different instruments, and 
this isn’t expected to be completed 
until 15 June -too late for the 
rendezvous. But there is a chance 
some will be all set before that. 
“Three of our instruments will 


The blue-green comet 
C/2019 Y4 (ATLAS), 
captured bya telescope 


holes collected 2.5 times 

more microplastic than the 
standard plankton nets. The 
researchers extrapolated from 
their data to estimate how much 
microplastic would be caught 

by anet with 1-micrometre holes. 
Their calculations suggested 
there are 3700 pieces of 
microplastic in every cubic metre 


“Estimates suggest 


there are 3700 pieces 
of microplastic in every 
cubic metre of seawater” 


most likely be ready and able 

to make measurements,” says 
Zouganelis. “These are the 
magnetometer, the [radio] waves 
instrument and the energetic 
particle detectors.” A fourth 
instrument, designed to study 
the solar wind, could also be 
fully tested in time. 

The spacecraft could probe the 
structure of the comet’s ion tail 
and see if a shock wave believed 
to form as the comet’s head 
pushes through the solar wind 
also passes behind it. 

It could also measure the mass 
of grains in the dust tail, and could 
even detect pristine material 
emanating from the comet’s 
broken innards. “The ions would 
be potentially coming from inside 
the nucleus,” says Jones. It isn’t 
thought that any of the material 
could damage the spacecraft. 

Whatever happens, Solar 
Orbiter looks set to become one of 
just a handful of spacecraft to travel 
through a comet’s tail. NASA and 
the ESA’s Ulysses spacecraft, which 
launched in 1990, passed through 
at least three comet tails. But these 
traverses went unnoticed until 
after they occurred. “Now we know 
what to look for,” says Jones. 8 


of seawater (Environmental 
Pollution, doi.org/dvvn). 

That is far more than thought. An 
influential 2015 study estimated 
there are 15 to 51 trillion particles 
of microplastic in the ocean. “They 
always admitted that that budget is 
very conservative,” says Lindeque, 
because it was based on studies 
that used 333-micrometre nets. 

The real total could “easily” be 
10 times more, she says. These 
smaller fibres may come from 
fishing rope, textiles and clothes. I 
Michael Marshall 
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News 


Climate change 


Arctic‘zombie fires’ keep 
burning beneath the ice 


Adam Vaughan 


UNPRECEDENTED Arctic 
blazes last year appear to have 
smouldered through winter 
below ground as “zombie fires” 
only to reignite this month. 
Intense blazes across the 
frozen north in 2019 released 
record amounts of carbon -on 
a par with the annual emissions 
of Belgium — exacerbating the 
global warming that made the 


blazes usually re-emerge within 
50 days of snow melting, the 
report added. 

If more fires are surviving 
winter, that is bad news for 
climate change, says Smith. 
“The implication is greater net 
carbon emissions, given that 
overwintering fires, by their 
nature, are smouldering soil 


conditions for the fires possible “If the fires burn through 


in the first place. 

Now, as temperatures rise in 
the region and snow recedes, 
fires are erupting in Siberia 
again. Satellite analysis of last 
year’s burn sites and the fires 
erupting this month suggest 
many may be zombie fires. 

“The satellite images are 
astonishing, particularly the 
snowmelt immediately 
followed by the fires appearing,” 
says Thomas Smith at the 
London School of Economics. 

In an analysis for New 
Scientist based on imagery from 
the European Space Agency’s 
Sentinel-2 satellites, Smith 
identified 2019 burn scars 
and 2020 hotspots. He found 
overlap of fires from last July 
and fires that appeared 
immediately after snowmelt 
this year. This includes known 
peatlands in tundra north of the 
boreal forest, where peat below 
ground could smoulder through 
winter. “I think there is some 
strong evidence for zombie 
fires,” he says. 

The tentative signs of this 
come as a report by the Alaska 
Fire Science Consortium last 
week said fire managers in the 
US state have found such fires 
occurring more frequently in 
the past two decades. The new 


One of the fires 
that hit Siberia 


last summer 
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long-term carbon stores, 
there may be greater net 
carbon emissions” 


and peat fires, burning through 
long-term carbon stores.” 

Mark Parrington at the 
European Centre for Medium- 
Range Weather Forecasts in 
the UK echoes the risk ofa 
knock-on effect. He says that 
there may be a cumulative effect 
of the previous fire season 
feeding into the coming season 
and leading to large-scale and 
long-term fires across the 
region again. 

Without reports from the 
ground, Smith says we can’t 
know for certain ifthe blazes in 
Siberia are zombie fires or new 
ones lit by people as the snow 


melted, although there are 
reasons to suspect the former. 
“The fires seem so widespread 
and so sudden that I find it hard 
to believe that humans could 
have been everywhere at once 
in sucha sparsely populated 
place,” he says. 

Nonetheless, Anton 
Beneslavskiy at Greenpeace 
in Russia thinks intentional 
burning by people is more likely 
to be the cause in this region, 
noting past surveys have shown 
most fires start near roads and 
logging sites. While he says 
zombie fires are possible, he 
adds: “There is no clear evidence 
they were the reason for the 
fires of the last week.” 

One way to mitigate against 
zombie fires is more monitoring 
on the ground so they can be 
extinguished in winter, says 
Jessica McCarty at Miami 
University in Florida. “Most 
zombie fires in Alaska have 
been caught because hunters 
or snowmobilers report the 
locations to the Alaska Forest 
Service. Without that in situ 
info, we would never find them, 
as they are often still partially 
covered in snow.” ff 
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Medical technology 


UTIs easily 
diagnosed with 
a quick spin 


Layal Liverpool 


A DEVICE inspired by fidget 
spinner toys can diagnose a urinary 
tract infection (UTI) in less than 

an hour, without the need for a 
laboratory or electricity. 

The device takes advantage of 
the centrifugal force generated by 
spinning to push the urine sample 
through a membrane lining its 
interior. Any bacteria in the urine is 
separated from the liquid and sticks 
to the surface of the membrane. 
Adding a dye that stains bacterial 
cells orange then reveals their 
presence within 45 minutes. 

“It is easy to operate,” says 
Yoon-Kyoung Cho at the Ulsan 
National Institute of Science and 
Technology in South Korea. One 
or two spins is usually enough 
to get a diagnosis, she says. 

Cho and her team tested the 
device using urine samples from 
39 people who were suspected 
to have UTIs. The team found that 
it gave similar results to the 
standard laboratory-based test, 
which involves culturing bacteria 
and takes several days (Nature 
Biomedical Engineering, DOI: 
10.1038/s41551-020-0557-2). 

Because of the longer turn-around 
time for the standard test, people 
are often treated with antibiotics 
before being diagnosed, says Cho, 
which contributes to the rise of 
antibiotic resistance. 

After confirming the diagnoses 
with their device, the researchers 
found that 54 per cent of the people 
with suspected UTIs had received 
antibiotics unnecessarily and 5 per 
cent didn't receive antibiotics when 
they should have. 

An advantage of the fidget 
spinner device is that people can 
be diagnosed quickly and given an 
appropriate treatment if required, 
says Cho. The device could also 
help determine which specific 
bacteria are present in a sample 
and how sensitive they are to 
different antibiotics. 1 


Organ transplants 


Mouse embryos with human cells 


The rodent chimeras are a step towards growing human organs for transplants 


Michael Le Page 


BIOLOGISTS have created mouse- 
human chimeras whose bodies 
were composed of up to 4 per 
cent human cells when the early 
embryos were destroyed after 

17 days. The highest proportion 
previously achieved is around 

0.1 per cent. 

Creating the chimeras is a step 
towards finding ways to grow 
organs for people who need 
transplants, says Jian Feng at the 
University at Buffalo in New York. 

Feng’s team injected around 
10 human stem cells into 3.5-day- 
old mouse embryos. The human 
cells contributed to all kinds 
of tissues in each developing 
embryo, including forming 
eye, liver and red blood cells. 

In one mouse embryo, around 
4 per cent of all the cells were 
human. The proportion probably 
varied from tissue to tissue, but 
the researchers didn’t look at the 
proportion in specific tissues such 
as the brain. 

“My immediate reaction is 
‘wow’, says Pablo Ross at the 
University of California, Davis. 
“This is great ifwe want to generate 
human organs in animals.” 

Previous attempts to create 
mouse-human chimeras haven't 
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Mathematics 


Virtual reality 
lets you enter the 
fourth dimension 


WE MAY not be able to step into 

the fourth dimension of space, but 

a new look at the physics of objects 

in many dimensions can help us 

understand what it would be like. 
The 19th-century novella 

Flatland imagined how beings 

ona 2D plane might perceive 

3D objects, but scaling that up 

into more dimensions isn’t intuitive. 


4% 


Proportion of human cells 
in one mouse embryo 


been very successful. Studies 
have shown that this is because 
human stem cells are ina more 
developmentally advanced 
“primed” state, whereas the 
mouse stem cells are “naive”. 

Ifmouse stem cells in a primed 
state are added to early mouse 
embryos, many of the embryos 
end up dying, just as when 


Here in the 21st century, 
we have virtual reality to help. 
Marc ten Bosch, a game designer 
in California, has made a video game 
called 4D Toys. This lets you use 
virtual reality to move 4D shapes 
such as hypercubes around a 
3D slice of a 4D space using a slider. 
To make the game, ten Bosch 
first had to figure out how these 
objects would move and interact 
with one another. “Before, people 
were thinking about the abstract 
concept of a 4D shape, but not 
actually the world around it or the 


MARC TEN BOSCH 


human stem cells are added. 
Feng’s team has found a way 
to make human stem cells revert 
to the naive state by inhibiting a 
molecule called mTOR kinase 
(Science Advances, doi.org/dvtf). 
Another reason for the success, 
says Feng, is that his university’s 
ethics committee allowed the 
team to let the embryos grow 
for 17 days —a week longer than 
most previous studies. Such 
chimeras normally aren’t allowed 
to develop for longer due to ethical 
concerns over the human cells 
they contain. 


These 3D shapes 
are actually slices 
of 4D objects 


idea that it can be solid and collide 
with other shapes,” he says. 

He devised a mathematical 
formula using geometric algebra 
and fluid dynamics to describe how 
objects move around a space in any 


Human cells (green) 
developing in a mouse’s 
embryonic eye (blue) 


It is a valid concern, says Feng, 
but he thinks the absolute number 
of human cells in the embryos is 
less important than the way that 
these cells connect to one another. 

The next step is to try the 
approach in a large animal such as 
a pig or sheep, whose organs area 
similar size to ours. The idea here 
would be to genetically modify 
an animal so it cannot develop 
specific organs. In a chimeric 
animal, these organs should 
then develop from human cells. 

The 1to 4 per cent proportion 
of human cells achieved by Feng 
should be enough to make this 
feasible, says Ross. However, Feng 
says his team lacks the resources 
to work with large animals. 

Feng thinks that growing 
human organs in animals could 
be an essential step towards 
finding ways to grow such organs 
outside bodies, in some kind 
of incubator. Societies need to 
discuss the ethical issues and 
potential benefits around this, 
and decide what can and cannot 
be done, he says. ff 


given number of dimensions, and 
used this formula as the basis for 

the physics in his game. He will be 
presenting the work at the virtual 
SIGGRAPH conference in July. 

“It felt like a toy would be a 
good showcase of this weird 
physics so you could get a feel for 
it by playing with shapes and not 
really worry too much about all 
the complexities,” says ten Bosch. 
“It could help you build an intuition 
for these concepts that are pretty 
inaccessible now.” I 
Leah Crane 
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News 


Neuroscience 


Shock therapy improves 


womans colour blindness 


Jessica Hamzelou 


ASHOCK ofelectricity to the 
temples can be a powerful, 
last-resort treatment for some 
people who have mental health 
conditions that don’t respond 
to other treatments. But it can 
have surprising side effects — 
it seems to have improved the 
colour vision of awoman with 
colour blindness in the hours 
after each treatment. 
Electroconvulsive therapy 
(ECT) can be recommended for 
people with severe depression, 
schizophrenia or mania. 


therapy, speech therapy and 
antidepressants didn’t improve 
them, and the woman went 
into hospital when she started 
having suicidal urges. 

Even then, she continued 
to deteriorate, says Jensen. 
“She was experiencing sleep 
disturbance, low mood, 
shame, feelings of inadequacy — 
the classic symptoms of 
depression,” he says. 

The woman accepted the 
offer of ECT. After her sixth 


The procedure typically involves “After ECT treatment, 


giving someone anaesthetic 
and a muscle relaxant before 
applying a pulse of electric 
current to one or both sides 
of the head. The pulse lasts 
for between 6 and 8 seconds, 
during which it triggers brain 
seizures, says Kristian H. Reveles 
Jensen at the Psychiatric Centre 
Copenhagen in Denmark. 
Jensen and his colleagues 
offered the treatment toa 
30-year-old woman who had 
been experiencing severe 
symptoms of post-natal 
depression since giving birth 
six months earlier. Group 


the woman could pick 
out red berries in a green 
bush for the first time” 


treatment, she mentioned 

that her colour vision seemed 
to have changed. The woman, 
who was red-green colour-blind, 
said she was able to pick out 

red berries in a green bush for 
the first time, says Jensen. 

The effect was only 
temporary. After a morning 
treatment, the woman could 
distinguish these colours in 
the afternoon and evening, 
but not the following morning. 


This card tests for red- 
green colour blindness 
by hiding the number 29 


To find out ifthe woman’s 
colour perception was changing 
in a measurable way, Jensen and 
his colleagues administered a 
classic test for red-green colour 
blindness. The Ishihara test 
involves presenting images 
made up of coloured dots 
in shades of red and green, 
and asking a person to pick 
out a pattern among the dots. 

When the woman was tested 
before an ECT treatment, she 
made 30 mistakes out ofa 
possible 36. But in the hour 
following a treatment, she 
made 15 mistakes (Brain 
Stimulation, doi.org/dtwt). 

Jensen and his colleagues 
aren’t sure how the change in 
colour perception is occurring. 
Colour blindness is caused by 
a lack of cones — cells in the 
retina that are responsible 
for colour vision. 

ECT won't give people new 
cone cells, but it might change 
the way signals from these cells 
are perceived by the brain. ECT 
treatments seem to encourage 
the growth of new neurons, so 
may change the way brain cells 
communicate, says George 
Kirov at Cardiff University, UK. 

It is also possible that treating 
the depression was enough to 
change the woman’s perception 
of colour. Some people with 
depression report seeing the 
world in greys and muted tones. 
By treating the depression, 

ECT may have alleviated this 
symptom, says Jensen. 

The effect was probably 
more pronounced just after 
treatment because this is 
when many people experience 
an “afterglow” effect ofa 
heightened mood, he says. 8 


Geology 


Earth's largest 
volcano hides below 
two tiny rocks 


Michael Marshall 


AN EXTINCT Hawaiian volcano 
called Puhahonu is the largest 

in the world, with a volume twice 
that of the next biggest contender. 
What's more, the lava that once 
erupted from this giant is the 
hottest recorded in the past 

66 million years. 

“Puhahonu is the most massive 
volcano on Earth,” says Michael 
Garcia at the University of Hawai'i at 
Manoa in Honolulu. At the surface, 
though, Pihahonu doesn't look like 
much: just a pair of barren, rocky 
outcrops in the sea hundreds of 
kilometres north-west of the main 
Hawaiian islands. Its Hawaiian name 
means “turtle surfacing for breath”. 

Garcia and his colleagues 
surveyed Puhahonu in 2014 using 
sonar and gravity sensors, which 
can measure mass. They found it 
has a volume of 148,000 cubic 
kilometres. That dwarfs Mauna Loa, 
another Hawaiian volcano generally 
though to be the largest, which is 
only 74,000 km - although it is 
still taller than Paihahonu. 

The gravity data also revealed that 
there is one central mass, confirming 
that Pihadhonu is one volcano 
rather than the result of lavas from 
several volcanoes flowing together 
(Earth and Planetary Science 
Letters, doi.org/dvtt). 

There are also supervolcanoes 
like Yellowstone in the US and 
Campi Flegrei in Italy, but Garcia says 
these aren't directly comparable. 
“They're known for their very large 
eruptions, but not necessarily 
for their total bulk. It’s kind of 
comparing apples and oranges.” 

Based on the chemical make-up 
of the rocks, Puhahonu also erupted 
unusually hot magma — hotter than 
any other known volcano from the 
past 66 million years. Like the other 
Hawaiian volcanoes, it is powered 
by a plume of unusually hot molten 
rock in Earth's mantle. Fortunately, 
Puhahonu has been extinct for at 
least 12 million years. # 
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News In brief 
Vision 


People ‘see’ letters 
traced on their brain 


TRACING the shape of letters on 
the surface of the brain using an 
implant that stimulates neurons 
has let people who have lost their 
sight “see” the letters. 

Daniel Yoshor at the University 
of Pennsylvania and his colleagues 
worked with five people who had 
electrodes implanted on their 
visual cortices. Two participants 
had implants as part of a trial to 
treat blindness, the other three 
were able to see and had implants 
as part of epilepsy treatment. 

When the team stimulated the 
electrodes in sequence to trace the 
shapes of letters, all participants 
saw spots or lines forming the 
same letters (Cell, doi.org/dvs6). 

“We hope to build on this,” says 
Yoshor. “We want to restore some 
useful visual function to blind 
patients and hopefully improve 
their lives.” Layal Liverpool 


Marine life 


Algae transplant could 
protect coral reefs 


IT MAY be possible to save coral 
reefs from warmer seas by seeding 
them with heat-resistant algae. 
Coral reefs are under threat as 
climate change drives up ocean 
temperatures. When seas become 
too warm, corals lose the algae 
that live in their tissues and make 
food for them. Corals then lose 
their colour and can starve. 
Patrick Buerger at CSIRO, 
Australia’s national science 
agency, and his colleagues kept 
Symbiodiniaceae algae at 31°C in 
a lab for four years to allow them 
to evolve greater heat resistance. 
The team then took coral 
larvae, mixed them with either 
regular algae or the heat-resistant 
algae and heated the mix to 31°C 
for one week. Coral with regular 
algae bleached, but coral with 
heat-resistant algae stayed 
healthy (Science Advances, 
doi.org/dvs7). Alice Klein 
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Nuclear weapons 


Cold war nuke 
tests changed 
UK rainfall 
patterns 


ELECTRIC charge released by 
radiation from cold war nuclear 
bomb tests may have affected 
rainfall thousands of kilometres 
away, in the UK. 

Small droplets of condensation 
collide and merge in warm clouds 
to form larger and larger droplets, 
until these fall as rain. Electric 
charge in the atmosphere, including 
that formed during the decay of 
strontium-90 and other radioactive 
material used in nuclear weapons, 
can boost the likelihood that these 
droplets will collide to form rain. 

There was a major increase 
in atmospheric electric charge 
in the middle of the 20th century 
following a wave of cold war atomic 
bomb tests, often carried out in 


Nevada, US, Kazakhstan in the 
Soviet Union and in the Pacific. 

Giles Harrison at the University 
of Reading, UK, and his colleagues 
analysed historical records of this 
spike in atmospheric radioactivity 
and electric charge, as well as 
information on daily cloud density 
and rainfall. The data came from 
two weather stations in the UK - in 
London and Shetland - collected 
between 1962 and 1964. 

There was 24 per cent more 
rainfall, on average, on days with 
higher electric charge from 
radioactivity, which is thought 
to have originated mainly from 
nuclear bomb test detonations 
performed by the US and the 
Soviet Union in the 1950s and 
early 1960s (Physical Review 
Letters, doi.org/dvs4). 

Of course, we wouldn't want 
to use nuclear bombs to generate 
this sort of charge, says Harrison, 
but understanding how electric 
charge can influence clouds 
and rain could inform strategies 
to manipulate weather. LL 


EVERETT COLLECTION HISTORICAL/ALAMY 


Really brief 


Ancient anchovies 
had fearsome teeth 


Huge sabre-toothed 
anchovies may have 
evolved because the 
asteroid thought to have 
killed the dinosaurs also 
wiped out many marine 
predators. This provided 
an opportunity for the 
metre-long anchovies 
to take their place 
(Royal Society Open 
Science, doi.org/dvqi). 


Mars could erupt 
with mud 


Mud flowing down an 
incline in conditions similar 
to those on Mars behaves 
like lava. Researchers 
found that the surface of 
the mud froze quickly, but 
the interior could continue 
to creep forward, much as 
some lava on Earth flows 
beneath a solidified crust 
(Nature Geoscience, DOI: 
10.1038/s41561-020- 
0577-2). 


Algae patch helps 
heal skin wounds 


Askin patch made of living 
blue-green algae speeds up 
wound healing in mice by 
taking advantage of algae’s 
ability to produce oxygen. 
Wounds treated with the 
patch closed about three 
days earlier than those 
without it (Science 
Advances, DOI: 10.1126/ 
sciadv.aba4311). 
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NEW ONLINE EVENT: 
ALIEN OCEANS ON 
EARTH AND BEYOND 


Kevin Peter Hand, NASA Jet Propulsion Laboratory 


NASA astrobiologist Kevin Peter Hand explores why 
the small, ice-covered moons of Jupiter and Saturn offer 
the best chances of finding life beyond Earth 


Your ticket includes: 

- Link to live lecture 

- An opportunity to ask questions 

- 12 months access to watch it on demand 


- Exclusive access to additional lecture by 
exoplanet astronomer Sarah Rugheimer 


- Bonus New Scientist articles 


e@W 
Early bird ticket offer £12 (approx US$15) Scientist 
Visit newscientist.com/events events 


Signal Boost 


Welcome to our Signal Boost project. In these difficult times, we are offering 


aN~T- Y 
charitable organisations the chance to take out a page in New Scientist, free N ¢ OLA N 


of charge, so that they can get their message out to a global audience. 


Today, a message from blood cancer charity Anthony Nolan 


CORONAVIRUS 


APPEAL 


A PIONEERING CHARITY 

Anthony Nolan saves the lives of people 

with blood cancer. Founded in 1974 as the 
world's first stem cell register, we're motivated 
by a mother’s determination to save her 

son, Anthony. 

Forty-six years later, three people a day are 
now given a second chance of life, thanks to 
generous funders and an ever-growing stem 
cell register. Our charity is a lifesaving legacy. 

But we can’t continue this legacy without 
you. By recruiting potential donors, funding 
ground-breaking research, and providing the 
best post-transplant care from our clinical 
nurses, we can cure people's blood cancer 
together. We can give families hope, and give 
more people a future. But without you, lives 
can’t be saved. Without you, there is no cure. 


KEEP STEM CELLS MOVING 
Our emergency fundraising appeal is raising 
critical funds to support our lifesaving 


work and the extraordinary measures we 
have had to put in place due to the coronavirus 
pandemic. 

Our teams are working around the clock 
to battle travel restrictions and border 
closures to keep stem cell donations moving. 
Lifesaving transplants can’t stop because of the 
current coronavirus pandemic. 


VITAL FUNDS 

Without emergency financial support, 

stem cell donations could never make it to the 

patients who are counting on them to survive. 
To fund this emergency response, we 

need to raise vital extra funds every month that 

the coronavirus pandemic goes on. 


saving the lives 
of people with 
blood cancer 


Please donate whatever you can today 
to our Coronavirus Emergency Appeal to save 
patients’ lives. Without you, there is no cure. 
anthonynolan.org/newscientist 


- £25 could help keep our emergency 
‘Handover Hub’ at Heathrow open asa 
lifesaving link 


- £40 could help pay for additional health 
checks for our donors to ensure they can 
safely donate 


- £60 could help fund our Patient Grants 
for those who are facing financial hardship 
at this difficult time 


Do you need your signal boosted? 

If you are a charitable organisation working in STEM education, science, medicine, 
technology or conservation, and would like to find out more about this project 
contact Chris Martin on chris.martin@newscientist.com 


Views 


Letters 

Pluses and minuses 
ofanew take on 
consciousness p22 


Chanda Prescod-Weinstein 

is an assistant professor of 
physics and astronomy, and 

a core faculty member in 
women’s studies at the 
University of New Hampshire. 
Her research in theoretical 
physics focuses on cosmology, 
neutron stars and particles 
beyond the standard model 


Chanda’‘s week 


What I’m reading 

Now seems like either an 

excellent or terrible time 

to read Octavia E. Butler’s 
Parable of the Sower. 


What I’m watching 

T recently finished 

The Schouwendam 12, 
and I was very surprised 
by the ending. 


What I’m working on 
I have two postgraduate 
students writing up 
their first papers on 
dark matter. Exciting! 


This column appears 
monthly. Up next week: 
Graham Lawton 


Culture 

In The Vast of Night, 
teens investigate a 
mysterious signal p24 


Columnist 


Culture 

In Telling Lies, you don’t 
know what to do, but that’s 
fun, says Jacob Aron p25 


Aperture 

Agreen turtle 

uses tube sponges 
asahammock p28 


The not-so-blue jays 


Watching birds is great entertainment, and there's fascinating physics 
behind how some get their colours, says Chanda Prescod-Weinstein 


ERE in New Hampshire, 
I live next to a wooded 
area, and covid-19 means 


that I have been spending a lot of 
time at home. This has translated 
into me becoming a bit ofa birder. 
All day long, I text friends with 
my sightings — a hawk walking on 
the ground hunting smaller birds, 
a female northern cardinal, a bird 
that I thought was a woodpecker 
but was actually a warbler. I enjoy 
all of the birds I see, but my 
favourite visitors are the blue jays. 
They have such a beautiful pattern 
of bright blue, black and white, 
and they are fast movers too. 
Being the physicist that lam, 
[haven't just enjoyed the birds 
but have also been reading up 
on the science behind their 
colours. And here is the thing 
learned: the blue jay’s beautiful 
blue shades aren't real, they 
aren't blue like my jeans are blue. 
Not only is this shocking 
revelation true, but the blue jay 
isn’t special either. It is common 
for “blue” bird feathers to appear 
to be blue, without actually 
having any blue colour in them. 
Reading this felt like saying that 
my hair isn’t actually dark brown, 
it just looks that way. In fact, my 
hair looks the way it does thanks 
to melanin pigments, chemicals 
that absorb some parts of the 
light spectrum and reflect others. 
Some of these, eumelanins, 
absorb light that doesn’t look 
brown or black and reflect back the 
parts that do. This photochemical 
reaction is why most of my hair 


looks dark brown, and the loss 
of eumelanins is why increasingly 
my hair strands look white. 
Melanins, including red-yellow 
ones, are the same pigments 
that cause humans to havea 
diverse set of skin colours. 
Melanin is also a source of 
pigments for bird feathers. The 
brown sparrows I see eating bugs 
on my lawn have feathers full 
of melanin. Those sparrows, 
just like us, look they way they 
do because of these pigments. 


“Blue jays are flying 
diffraction gratings, 
highly evolved, natural 
instruments of light 
manipulation” 


The blue jay, on the other 
hand, has a feather that has 
a special microstructure, and 
that microstructure mimics the 
photochemical reaction through 
a process called diffraction. This 
phenomenon is what occurs 
when light runs into a barrier, 
bends and has a tendency to 
spread out. 

In the case of birds, at the 
microscopic level, some feathers 
are structured so that even 
though they are brown, when 
light interacts with them, only 
the blue parts of the light are 
reflected away to observers. 

Reading about this as a physicist 
was pretty surprising because 
diffraction plays an important 
role in astronomy. 


As Ihave mentioned in earlier 
columns, figuring out what’s 
going on in the night sky is a bit 
of a detective game. We can’t 
make the sky in our lab, so we 
have to get good at understanding 
what we are seeing and squeezing 
information out of the light 
that arrives here on Earth. 

One of the questions we ask 
when looking at an object like 
another planet ora star is: what 
is it made of? One of the best ways 
to tell is by doing spectroscopy: 
looking at the spectrum of light 
coming from the object. 

Based on lab experiments 
on Earth, we know which 
colours of light match with the 
presence of different chemical 
elements. For example, light 
with a wavelength of 589 
nanometres — orange —is sodium. 

What has this got to do with 
bird feathers? The instruments 
that we use to look at this aspect 
of astrophysical sources, 
spectrographs, rely ona tool 
called a diffraction grating, 
which uses the phenomenon of 
diffraction to break the light up. 

In some sense, then, the blue 
jays I have been watching are 
not just interesting birds ofthe 
corvidae family, distant cousins 
of the highly intelligent crow. 
They are also flying diffraction 
gratings, highly evolved, 
natural instruments of light 
manipulation. 

Understanding this, lam 
now even more in awe of 
them than I was before. 
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Views Your letters 


Editor’s pick 


Pluses and minuses of new 
take on consciousness 

2 May, p40 

From Guy Inchbald, 

Upton on Severn, Worcestershire, UK 
Integrated information theory 

(IIT), identified in your article as the 
best bet for a mathematical model 
of consciousness, may not point 
towards panpsychism, the universal 
consciousness of matter, as 
suggested. This is for the simple 
reason that it points clearly towards 
something else entirely. The way 
that IIT focuses on information 

may not be its greatest weakness, 
but its greatest insight. 

As far as IIT is concerned, it isn’t 
the brain that is conscious, but the 
information flowing through it. 
Aclose, if not perfect, parallel may 
be drawn with the meaning of this 
letter being a property not of my 
computer, but of the information 
that flowed through it. We may 
simply have been looking for the 
origin of consciousness at the 
wrong level of neural activity. 

If this is so, then electrons remain 
as devoid of consciousness as ever. 
Instead, we should be looking at the 
information encoded in the patterns 
of activity of those electrons. 


From Will McNeill, 

Southampton, Hampshire, UK 
Asamodel to inform our 
understanding of consciousness, 
integrated information theory 
sounds promising. Yet usually 
when a theory produces a 
conclusion that seems absurd -— 
in this case that both the universe 
and simple data processing 
algorithms are conscious -— the 
sensible working hypothesis is 

to suppose it is false. 


From Andy Howe, 

Sheffield, South Yorkshire, UK 

It seems a shame for the proposed 
integrated information theory 
(IIT) model of consciousness to 
stipulate that for something to 

be considered conscious this way, 
its consciousness has to be bigger 
than the degree of consciousness 
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you could ascribe to any ofits 
component parts. 

This appears to exclude what 
would seem an interesting and 
useful area for such research: the 
emergence of consciousness-like 
behaviours in flocks of starlings, 
the coordination ofa beehive’s 
activities or the general behaviour 
of crowds. 

However, perhaps IIT has 
a bigger problem with its 
definitions, ifit yields the 
same degree of what it calls 
consciousness whether someone 
is conscious or unconscious. 


From Nicholas Humphrey, 
Theoretical psychologist known 
for his work on the evolution of 
consciousness, Cambridge, UK 
With consciousness, it seems that 
anything goes: no need to define 
terms or respect hard-fought-for 
philosophical distinctions. 

I disagree with the idea that 
integrated information theory is 
“our mathematically most mature 
theory of consciousness”. It isn’t 
atheory of consciousness, it is a 
theory of integrated information. 
It may conceivably have a bearing 
on intelligence, but it has nothing 
to say about the quality of 
consciously felt sensory 
experience. That is the hard 
problem of consciousness: to 
explain what it is like for creatures 
such as us to feel the pain ofa bee 
sting or see the redness of a poppy. 

Mathematics shows no sign 
of being unreasonably — or even 
reasonably — effective here. I'll 
continue to put my money on 
neuroscience and evolutionary 
psychology for answers. 


From Rod Munday, 
Cardiff, UK 
It was kind of you to lift some of 


consciousness. IfI may be so bold 
as to propose a subject for a future 
article in the same vein: how 
about asking if electrons have free 
will? That might shed new light on 
quantum weirdness. 


Lockdown could give 
us many insights 


From Steve Dalton, 
Chipstead, Kent, UK 
It is clear that our understanding 
of the coronavirus, and how it 
spreads through networks of 
people, is related to the quantity 
and quality of data we collect. 
This is rightly a point of focus. 
But it would be a great shame 
if, while focusing on covid-19, we 
missed the opportunity to gather 
detailed information on the 
spread of other communicable 
diseases during lockdown, not 
to mention non-health aspects of 
life. That data could yield never-to- 
be-seen-again insights. 


Sunshine may not be 
Australia’s saving grace 


Letters, 2 May 

From Shaun McCree, 

Seaford Meadows, South Australia 
Diana George asks whether the 
increased uptake of vitamin Din 
Australia has resulted in our low 
infection rates from coronavirus. 
I'd say no, for two reasons. 

Firstly, most Australians avoid 
the sun because of the heat and its 
cancer-causing effects. Secondly, 
the lack of cases here probably has 
more to do with a fairly quick and 
severe lockdown that cut the 
country offfrom most overseas 
arrivals. Most of our cases are 
linked to several cruise liners 
and aircraft that arrived before 
the closure was fully in place. 


the covid-19 gloom by publishing By all means get some 

a whimsical article suggesting sunshine, but I don’t think 

inanimate objects could possess it will help that much. 
Want to get in touch? 


Send letters to letters@newscientist.com; 

see terms at newscientist.com/letters 

Letters sent to New Scientist, 25 Bedford Street, 
London WC2E 9ES will be delayed 


Going cold on a new 
definition of life 

Letters, 25 April 

From James Veale, Cambridge, UK 
Hillary Shaw suggests a definition 
of what constitutes life. It is 
defined as “a bounded system 
containing a readable information 
code that can locally decrease 
entropy”. This seemed to me to 
succinctly encapsulate all forms 
of life that we know about, and 
reduced a complicated concept to 
a simple idea in a really satisfying 
way —I liked it a lot. 

Then, two weeks later, I opened 
my fridge and realised that it, too, 
decreases entropy locally and 
contains readable (binary) 
information that tells its “body” 
how to do it— how annoying! 

Can we extend the definition 

to exclude systems that were 
created by other readable 
information-encoded, entropy- 
decreasing systems? 

Perhaps we could, but while 
such an extension would rule 
out fridges, assume it would also 
exclude babies and genetically 
modified organisms. I fear | may 
be back to square one. 


Every dog may 
not have its day 
25 April, p36 
From Graeme Armstrong, Broken 
Hill, New South Wales, Australia 
As the National Parks and Wildlife 
Service threatened species officer 
in Broken Hill, Sturt national park 
is in my patch. The idea you 
reported of fencing the park as 
an experimental plot for dingo 
introduction is of interest to me. 
The claims that dingoes 
have a positive effect on small 
mammal survival, and the desire 
to test this by fencing the park, 
fail to see the obvious: that this 
experiment has been going on 
for over 100 years either side of 
the dog fence that protects south- 
eastern Australia. Small mammals 
have suffered equally on both 
sides. The higher density of 
dingoes north of the fence hasn't 
resulted in better outcomes for 
small mammals. # 
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Views Culture 


What’s that sound? 


A story of youngsters who investigate a mysterious signal that may be from 
spies or aliens, The Vast of Night is all a bit Stranger Things, says Gege Li 


= 


Film 

The Vast of Night 

Andrew Patterson 

Amazon Prime Video from 29 May 


COMING up next: an odd 
frequency is spreading through 
asmall town in New Mexico, 
and two locals must work out 
what is going on. 

Feel familiar? That’s because 
The Vast of Night begins like a 
story from The Twilight Zone. This 
1950s-set sci-fi flick is framed as an 
episode of a fictional equivalent 
called Paradox Theatre, and is 
intermittently played through the 
screen of an antique television. 

Directed by Andrew Patterson, 
the film focuses on teenager 
Fay (Sierra McCormick) and her 
slightly older peer Everett (Jake 
Horowitz). With a basketball game 
at the local school drawing the 
attention of most of the residents 
of Cayuga, New Mexico, the rest 
of the town is unusually deserted. 
Neither Fay nor Everett are 
watching the match: she has a gig 
operating Cayuga’s telephone 
switchboard and he has his own 
show on the local radio station. 

It is when Fay is connecting 


AMAZON PRIME VIDEO 


“Over the course of one 
night, cynicism turns 
to fear and disbelief as 
Fay and Everett find the 
origin of the sound” 


callers through the switchboard 
that she comes across a strange 
frequency playing on one of the 
lines. After unsuccessfully 
consulting some of the other 
operators to see ifthey have 
heard something similar, she 
decides to share it with Everett. 
Keen for a juicy scoop, he plays 
the sound on air in a bid to reach 


The strange world of 
naming new species 


G 


Book 

Charles Darwin’s Barnacle 
and David Bowie’s Spider 
Stephen B. Heard 

Yale University Press 


UNLIKE plastic dinosaurs, new 
species don’t arrive with names 


on their bellies. Assigning them 
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a name, however, isn’t as easy as 
it might seem. 

In Stephen Heard's splendid new 
book, which is beautifully illustrated 
by Emily Damstra, he explains not 
only how species are named, but 
why some have odder names than 
others. Reasons people choose 
names can vary from seeking to 
honour a respected colleague, thank 
a patron, celebrate a loved one or, in 


out to listeners who might 
recognise it. Soon, someone calls: 
an old man named Billy (Bruce 
Davis) who has heard the sound 
before while working on secret 
operations for the US government. 
Its central plot of young 
people uncovering a mystery with 
hints of government conspiracy 
and the supernatural makes 
The Vast of Night feel rather like 
Stranger Things. Yet the film is 
far more artsy and slower paced 
than Netflix’s hit series. 
It is filled with sweeping 
shots of the town and long 
stretches of narration, first 


some cases, mourn their death. 

Metellina merianae, a spider, is 
one of nine different species named 
after German wildlife artist and 
adventurer Maria Sibylla Merian. 
Further twists occur when the name 
has an association: David Bowie's 
spider is thin and long-legged with 
a red-furred head (cue the song 
Ziggy Stardust). 

Scientific naming has fashions 
too. The recent Game of Thrones- 
themed wasps Laelius lannisteri, 
Laelius targaryeni and Laelius starki 
were preceded by Harry Potter- 


Fay works at a local 
telephone exchange and 
encounters an odd noise 


between Fay and Everett and later 
through the ominous stories of 
those who are connected to the 
mysterious frequency. 

“No one knows they’re being 
affected — we all work out other 
reasons to justify our actions,” says 
Mabel Blanche (Gail Cronauer), an 
older woman with an important 
story to tell about the frequency 
and why nobody seems to have 
noticed its effects. Over the course 
of one night, cynicism turns to 
fear and disbelief as Fay and 
Everett discover the origin of 
the sound and what it leads to. 

In his feature debut, Patterson 
does a good job of making a 
lot out ofa little. There are no 
expensive special effects to help 
drive the plot forward. Instead, it 
is the dialogue and relationship 
between Fay and Everett 
that carries the film. 

Unfortunately, the pay-off 
is bound to leave some viewers 
unsatisfied. Others, however, will 
relish The Vast of Night’s gradual 
build and high-nostalgia aesthetic, 
not to mention its attempt to do 
something a little bit different. 


based Eriovixia gryffindori, a spider 
with a Sorting Hat-shaped abdomen. 
But the book is more than an 
exposition of terminological 
cleverness. Heard provides some 
interesting social commentary 
onin-groups and out-groups in 
biology. He also covers the slow 
infiltration of female names beyond 
wives, sweethearts and children, 
as well as the need for mindfulness 
when naming after people or sacred 
sites, and the pros and cons of 
selling the right to choose a 
species name. Adrian Barnett 8 


Mystery on the video call 


In Telling Lies, you often don't know what you are supposed 
to be doing, but that is part of the fun, says Jacob Aron 


Game 

Telling Lies 

PC, PlayStation 4, Xbox One, 
Nintendo Switch, Mac, iOS 


THE man on screen is looking 
straight at me, speaking into the 
camera. My attention drifts to his 
surroundings to try to learn more 
about his life. He looks like he is in 
a fairly small apartment. No signs 
of family or room-mates, so maybe 
he lives alone? He finishes speaking 
and sits poised, ready to listen. 

| don’t reply, because this isn’t a 


lockdown-mandated Zoom session. 


lam playing Telling Lies, which has 
just had an aptly timed release on 
consoles following its PC debut last 
year. The game sees you attempt 
to solve a mystery by searching 
through a series of video calls 

and recordings, mostly consisting 
of conversations between a man 
and three women, along witha 
handful of other characters. 

At the start of Telling Lies, 
you don’t even know what you 
are looking for. One clip shows 
a woman sitting down at her 
computer, and you take control 
of the desktop. In a nice touch, 
her reflection on the screen remains 
partially visible throughout, a mirror 
of your voyeuristic self. You can 
even play a game of solitaire. 

On the computer, there is a 
database of videos, apparently 
stolen from the US National Security 
Agency. You can search them for 
particular words, but only the first 
five results are watchable - there 
is a slightly hokey in-game reason 
for this limitation - which forces 
you to tease out clues. The clips 
are all shot with real actors on 
phones, laptops or other in-fiction 


Who is this man? Telling 
Lies asks you to investigate 
a database of video chats 


cameras, adding to the realism. 
lam being intentionally cagey 
about the nature of the mystery 


you must solve, and even the names 


of the characters involved, because 


discovering them for yourself is part 


of the fun. One word in particular 
would instantly let you access 
what | think is the final video in 

the chronology, but may leave you 
with more questions than answers. 


“The game sees you 
attempt to solvea 
mystery by searching 
through a series of 
video calls” 


This extremely non-linear 
storytelling is fascinating and great 


fun when experienced with a friend. 


My wife and I played together over 
a couple of evenings, swapping 
theories and suggestions of “ooh, 
try this word” We played developer 
Sam Barlow's previous game, Her 
Story, in the same way. Yet while 
that consisted entirely of clips from 
a police interview cell, Telling Lies 
takes the same idea further. 

An interesting twist is that the 
database contains both sides of 


a video call, but they aren't paired 


and you can only view one at a time. 


That leads to you guessing what the 
other person must have said in their 
half in your efforts to fish it out of 
the database, which is fun. Less so 
is fast-forwarding and rewinding 
through the long gaps of silence. 
Barlow says he intentionally made 
it difficult to scrub through a clip at 
will, which | understand — but that 
doesn’t make it any less frustrating. 
He hasn't announced the next 
game he is working on yet, but | 
would be surprised if Barlow wasn’t 
at least considering the pandemic 
as a setting. We have already seen 
the rise of video call scandals and 
intrigue, whether it be pornographic 
Zoombombing by trolls or a 
reporter, then at the Financial 
Times, allegedly accessing virtual 
meetings at other papers covertly. 
A few months ago, | would 
have said that the video calls in 
Telling Lies feel false: why bother 
turning on your camera when audio 
works just as well? But now, with 
WhatsApp, Zoom and a seemingly 
endless list of other apps being the 
only way to see my friends and 
family, | appreciate having dozens 
of little windows on the world. # 


ANNAPURNA INTERACTIVE 


Visit online 


Arctic: culture and 
climate is an exhibition 
at the British Museum 
covering everything 
from 28,000-year-old 
mammoth ivory jewellery 
to modern snow mobiles. 
Though it has been 
postponed, you can 

now view it online. 


Watch 


Marvel's Agents of 
SHIELD sees the always 
affable Clark Gregg 
return as agent Phil 
Coulson for one last ride. 
The final, time-tripping 
series of Marvel's most 
successful foray into 
television will be available 
on ABC and Nettlix from 
27 May. 


THE SCIPNCE 
OF WALAING 


Read 


The Science of Walking 
is all about how there is 
more to taking a stroll 
than meets the eye. 
Physiology, neurology, 
anthropology and 
psychiatry all feature 

in Andreas Mayer’s 
fascinating account 

of an everyday activity. 
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Advertising feature Paid for by Merck KGaA, Darmstadt, Germany 


If meat can be made without raising animals, the health and 


environmental benefits could be huge. The challenge is to make 


cultured meat at scale and affordable enough for everyone 


Accelerating 
the cultured 
meat revolution 


“It will be made in a similar way to brewing 
beer,” says Lavanya Anandan. She is not 
talking about a new kind of drink, however, 
but describing a new industry aiming to 
grow meatin the lab. This new food is 
known as clean meat, cultured meat or 
cultivated meat. 

Demand for meat has never been higher, 
but the way we produce it today is 
unsustainable and, for some, ethically 
dubious. So scientists around the world are 
learning to grow meat and seafood in their 
labs without the need for farms or livestock. 

They have had considerable success — 
the world’s first lab-grown beef burger was 
cooked and tasted in London in 2013, albeit 
at a price of around $250,000 and costs have 
dropped by orders of magnitude since. The 
challenge now is to turn these lab-based 
successes into food that can be sold on 
supermarket shelves at reasonable prices. 

That’s how Anandan fits in. Leading a 
new Innovation Field on this topic and 
based in Silicon Valley, Anandan works for 
Merck KGaA, Darmstadt, Germany, a 
leading science and technology company 
in Healthcare, Life Science and 
Performance Materials with a 350-year 
record of innovation. The company’s 
strategy and transformation team is 
working on new products and technologies 
for the future. One of their goals is to 
provide the technology platforms and 
infrastructure that will enable the cultured 
meat revolution. 

This revolution is desperately needed. 
The world’s population is growing, with 
another 2 billion expected by 2050. Demand 
for meat is expected to grow by 70 per cent, 


significantly increasing the pressure on 
limited resources such as land and water. 
This in turn will drive climate change. Today, 
livestock farming is responsible for 15 per 
cent of global greenhouse gas emissions 
and is a key cause of deforestation. “If you 
look at the numbers, they’re quite 
staggering,” says Anandan. 

If meat could be grown in the lab instead 
of on farms, it could create an alternative to 
traditionally-produced meat and help 
reduce the environmental footprint for 
meat production. Additionally, by reducing 
or eliminating the use of antibiotics and 
hormones, cultured meat could also have 
positive health aspects. 

Cultured meat is produced using some of 
the same technologies biologists have used 


“As alife sciences 


company, we've helped 
solve similar challenges” 


for decades to grow animal cells. First, 
muscle cells are taken from live animals as a 
small biopsy from which stem cells are 
isolated and then cultured in the lab. 

The next stage is more difficult, however. 
The cultured cells must then be grown and 
differentiated into a form of tissue 
comprising of muscle, fat and other cells 
that is suitable for food processing and 
consumption. This takes place inside 
bioreactors where the cells are trapped and 
supported in a scaffold of fibres, just as in 
animal tissue, and submerged in a cocktail 
of nutrients called a growth media. Finally, 
this tissue must be processed and formed 


into products such as burgers patties, 
sausages or shrimp mince. 

Currently, around 50 start-ups around the 
world are developing and improving the 
cultured meat process to make different 
meats and seafood. Each is growing its own 
special cells that require bespoke growth 
media and cellular scaffolding. And they are 
all looking to scale up production while 
bringing down costs. 

This is where the expertise of Merck 
KGaA, Darmstadt, Germany, comes in. 
“The techniques used to culture meat are 
the same for the biologics and cell therapy 
industry and, as a leading life sciences 
company, we've helped solve similar 
challenges,” says Anandan. 

The company is not aiming to grow its 
own meat but to develop the materials and 
technologies that will accelerate its 
development. And it is already working 
with start-ups, non-profits and academics. 
“NNe are taking our existing expertise and 
trying to come up with innovative solutions 
and technologies — such as reagents and 
analytical tools — to solve problems for the 
clean meat sector,” she says. 

One important goal is to find the right 
formulation for the growth media. Thisis a 
cocktail of 50 to 100 ingredients such as 
sugars, salts, amino acids, micronutrients 
and growth factor. “Each cell line is going to 
require a specific optimised formula,” says 
Anandan. 

This growth medium must also not 
contain animal-derived compounds and 
economical enough to make lab-grown 
meat affordable. “Cost is an important 
hurdle that has to be overcome,” she says. 


Making clean 
meat in the lab 
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removed from 
the animal in 
a biopsy 
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Currently, culture media costs hundreds 
of dollars per litre, but for clean meat 
production to scale this needs to drop to 
around $1 a litre. 

Other challenges for the industry are to 
develop the tissue scaffolds needed to 
support growth of the cells, and to engineer 
the specialised bioreactors needed to 
scale-up production. 

So when will the fruits of this cellular 
agriculture reach the supermarket shelves? 
Inthe next few years we can expect a few 
launches of small-scale products in high end 
restaurants. “It will be a pretty expensive 
burger ina restaurant in Hong Kong or San 
Francisco” says Anandan. “My prediction is 
that by 2030 you might see them on 
supermarket shelves at a decent price.” 


Find out more at: https://bit.ly/2UTycOp 
Or scan the OR code below 


Ideas Factories 


What if medicines could be 
3D printed? Or plants grown 
in agricultural tunnels using 
nanotechnology that fine- 
tunes sunlight to boost 
yields? Or cultured meat 
grown in bioreactors? These 
ideas have the potential to 
transform industries but 
they need a helping hand to 
come to fruition. This is 
exactly the aim of the 
Innovation Centers of Merck 
KGaA, Darmstadt, Germany. 

The Innovation Center isa 
“playground” for scientists 
and entrepreneurs to 
explore new fields and 
develop new businesses 
beyond the company’s 
current scope. These teams 
are now operating at the 
company’s headquarters in 
Darmstadt, Germany, with 
additional hubs in Silicon 
Valley and China, with 
involvement from colleagues 
around the world. “Our 
innovation projects operate 
like startups,” says Lavanya 
Anandan, who is 
coordinating the clean 
meat innovation field at 
the California site. “The 
Innovation Center and 
Innovation Hubs are building 
an ecosystem where we can 
grow viable new businesses 
with the backing and know- 
how of a big company.” 

In addition to the clean 
meat research, the 
Innovation Center is working 
on a laser-adjustable lens 
replacements for people 
with cataracts, new 
technologies for structure 
analysis on a sub-microgram 
scale and many other 
challenges. 


Find out more at: 
innovationcenter.emdgroup.com 
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Seafarers 
iS) 


Photographers Brenda S. 

& R. Duncan Kirkby 

Location St Eustatius National 
Marine Park, Dutch Caribbean 


NESTLED among bright yellow 
tube sponges and corals, this 
green sea turtle (Chelonia mydas) 
will soon make its way across the 
ocean on an epic journey. 

Adult green turtles migrate 
from their breeding grounds and 
nesting beaches where they lay 
their eggs to specialised foraging 
sites that they use for food and 
refuge. The voyage can stretch 
for hundreds to thousands of 
kilometres and is a trip that the 
turtle will undertake every two 
to three years throughout its life. 

Using more than 50 years of 
satellite tracking data to follow the 
paths of sea turtles, Nicole Esteban 
at Swansea University, UK, and her 
colleagues have discovered that 
these animals will skip areas they 
aren’t familiar with as they travel 
between foraging sites, even if 
those areas are seemingly suitable 
(Journal of Animal Ecology, 
doi.org/dvqt). The researchers 
say this may be because the 
turtles view such places as risky 
relocation spots, since they don’t 
know how well they will work as 
foraging habitats in the long term. 

One green turtle that the 
team tracked was an “incredible 
illustration” of how faithful these 
animals are to their foraging sites, 
says Esteban, travelling 5000 
kilometres to the exact spot off 
the coast of Kenya where it was 
tagged 12 years previously. This 
is one of the first studies that 
demonstrates the turtles’ strict 
fidelity to foraging sites, she says. 


World Turtle Day is on 23 May. 


Gege Li 
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TOM STRA' 


In PETLe,, 
balance 


Features Cover story 


CT 


You have not one, but five separate appetites for key 
components of food. Listen to them and you'll only eat 
what you need, say David Raubenheimer and 
Stephen Simpson 


Town, South Africa. It was a beautiful, 

rural setting just below Table Mountain, 
surrounded by vineyards, trees, wild fynbos 
heathland and scattered settlements. 

In 2010, Caley Johnson, a graduate 
student of anthropology at City University 
of New York, arrived to study Stella. For 
30 consecutive days she followed her, 
watching and recording exactly what, 
and how much, she ate. 

Stella’s diet was extremely diverse: 
almost 90 different foodstuffs over that 
time. On the surface, she didn’t appear 
particularly discerning. And indeed, the 
ratio of fats to carbohydrates in her diet 
varied widely from day to day. 

But when Johnson crunched the numbers, 
something interesting popped out. When she 
looked at the ratio of combined daily calories 
from carbs and fats to calories from protein, 
she always got close to 4:1. This happened 
every day, regardless of what Stella ate. Even 
more interestingly, this ratio was very similar 
to what is considered nutritionally ideal 
for a female of Stella’s size. Far from being 
indiscriminate, Stella was a meticulously 
healthy eater. 

How did she calibrate her diet so precisely? 
Doing so is difficult, and even professional 


S° lived on the outskirts of Cape 


dieticians have to use computer programs 
to do it. But Stella didn’t have access toa 
program because she was a wild Cape baboon. 

The Stella study is one of many that we 
have been involved with over the course 
of our 30-year scientific collaboration. 

As aresult, we think we have discovered 
something profoundly important about 
human nutrition, which changes how we 
understand appetite, explains the obesity 
epidemic-—and suggests a way of solving it. 

Our journey began in 1991, when 
we were colleagues at the University 
of Oxford. We set out to answer two 
questions. First, how do animals choose 
what to eat? And second, what happens if 
they fail to follow a healthy diet? To find out, 
we designed a huge experiment using the 
most voracious and indiscriminate eaters 
we could think of: locusts. 

We put 200 young locusts in individual 
plastic boxes and prepared 25 different 
foods containing various proportions 
of protein and carbohydrates, the main 
nutrients the insects eat. The foods ranged 
from high-protein/low-carb to high-carb/ 
low-protein, and everything in between. 

Each locust was fed just one of the 
25 formulations, in unlimited quantities, 
untilthey reachedadulthoodandshed » 
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their skin. This took a minimum of nine days 
and up to three weeks. We meticulously 
recorded how much each locust consumed 
each day, plus their weight and how much 
fat and lean tissue they had put on. 

Once all the locusts had reached adulthood 
or died, we worked out which diet was closest 
to ideal. For that, we identified the mixture 
of protein and carbs that allowed locusts to 
grow and survive best. This turned out to be 
approximately 300 milligrams of carbs and 
210 milligrams of protein a day. 

Then we looked at what the locusts had 
actually eaten. Obviously they were restricted 
by their diet, but what was striking was 
that all ofthem managed to get close to 
the ideal amount of protein, even if that 
meant missing the carbs target by miles. 

The locusts that were given a low-protein 
diet, for example, hugely overate carbs, 
consuming more than double the target 
amount. And that came at a cost. They took 
much longer to reach adulthood and they 
got fat. Granted, it is hard to tell that a locust 
is fat because of its exoskeleton. But it is 
chubby on the inside, like an overweight 
knight wedged into a small suit of armour. 

In contrast, the locusts on a high-protein 
diet ate too few carbs and were unhealthily 
lean. They were less likely to survive to 
adulthood, and those that did had too 
little body fat to survive in the wild. 

This experiment documented for the 
first time the battle between two nutrients: 
protein and carbs. When the locusts’ food 
didn’t allow them to eat a balanced diet, they 
prioritised protein over carbs at great cost to 
growth and survival. In fact, we later realised 
that what we were seeing wasn’t so mucha 
competition between nutrients as between 
two appetites — one for protein, the other for 
carbs. Locusts had two separate appetites. 

Up to that point, appetite had always been 
viewed as a single entity, an all-consuming 
drive that compels animals (including us) 
to eat our fill. This was the first hint that 
there was more to it. 

The next question was whether the 
two appetites worked together to help 
the locusts achieve a balanced diet. So we 
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DEEPOL BY PLAINPICTURE 


"We had tound 
two appetites 
in locusts, 
but was the 
Same true In 
humans?” 


performed another experiment where each 
locust had unlimited access to two different 
formulations differing in their protein and 
carb content. They were free to eat as much 
of the two foods as they liked. Regardless 
of which foods they had available, they 
combined them in precisely the right 
proportions to always eat an identical—and 
ideal —balance of protein and carbs. 

This demonstrated that when locusts have 
a wide choice of foods, their two appetites 
collaborate so they consume an optimal diet. 
But when they are given imbalanced foods, 
as in our first experiment, the appetites 
for protein and carbohydrate compete, 
and protein wins. That suggested that, 
more so than carbohydrate, protein has to 
be carefully calibrated in the diet. We were 
later to learn why. Ifan animal has too little, 
it can’t grow and reproduce, and too much 
protein speeds up ageing. 

This raised a much bigger question. We had 
discovered two appetites in locusts. Was the 
same true of other animals? 


Try to avoid ultra-processed food 
as it will make you fat, but not for 
the reason you probably think 


That was the purpose of the Stella study 
and many others that we have done. These 
have shown that appetite-driven nutrient 
balancing is common across the animal 
kingdom. It has been documented in 
life forms as diverse as slime moulds, 
cockroaches, beetles, spiders, cats, dogs, 
mink and non-human primates. Some 
turn out to have not two, but five appetites, 
three for the main macronutrients (protein, 
carbohydrates and fat) and two for specific 
micronutrients — sodium and calcium. 
Given a range of foods to eat, they will 
always precisely calibrate their intake. 

This naturally got us thinking: do humans 
also have several appetites? 

Answering this question wasn’t going 
to be easy. Human nutrition science has 
always been bedevilled by the difficulty of 
getting an accurate record of what people 
eat. Most research relies on study subjects 
self-reporting. The trouble is, people forget. 

Ideally, you want to treat your human 
subjects like locusts: keep them in isolation 
with only the food you provide, all weighed 
and measured. However, this doesn’t get 
people banging down the doors to volunteer 
as participants. 

Fortunately, we found a compromise. 

One of our students had access to an 
isolated chalet in the Swiss Alps, far from 
shops or restaurants. She recruited a group 
of10 friends and family and took them 
there to spend a week as human locusts. 

For the first two days, participants chose 
whatever they wanted to eat from a highly 
varied buffet. Everything they ate was 
weighed, and their intake of calories, 
protein, carbs and fat was recorded (caffeine, 
alcohol and chocolate weren’t available). 

On days three and four, the volunteers 
were divided into two groups. One group got 
a high-protein buffet, the other a low-protein, 
high-carb and high-fat buffet. For the final 
two days, they returned to the original diet. 

In phase 1 of the experiment, our human 
locusts reliably got about 18 per cent of 
their calories from protein, in keeping 
with studies that show people typically 
need 15 to 20 per cent. 


MAXIMILIAN STOCK LTD/SCIENCE PHOTO LIBRARY 


In phase 2, everyone maintained their 
absolute protein intake. But to do so, those 
on the low-protein diet had to eat 35 per cent 
more total calories, while those assigned 
the high-protein diet ate 38 per cent fewer 
calories. Our volunteers responded like 
locusts, with their appetite for protein 
dominating, and determining the total 
consumption of food. 


Your five appetites 


We later did two bigger and more 
sophisticated versions of the chalet 
experiment, in Sydney and Jamaica, and 
found essentially the same thing: people on 
alow-protein diet consume more calories. 

The explanation for this is that humans 
also have more than one appetite. In fact, 
we have the five that our earlier research 
found in some other organisms: protein, 
carbs, fats, sodium and calcium. It is a mistake 
to think of appetite as a single, powerful drive 
to eat. We need separate appetites to keep 
track of various nutrients, and hence to 
construct a balanced diet. 

Those five have been singled out by 


evolution for good reasons. One is that 

there is a limit to how complex biological 
systems can get and still operate efficiently. 
We couldn’t have specific appetites for dozens 
of nutrients. Another is that these nutrients 
are needed in very specific quantities. Third, 
some components, like sodium, were often 
rare in our ancestral environments and we 
needed dedicated machinery to seek them 
out, for example in mineral deposits. 

What about vitamins and the other 
essential minerals? We probably didn’t 
evolve specific appetites for them because 
our natural diets are rich in these nutrients, 
and by eating the right amounts of the big 
five, we automatically get enough of the rest. 

As a result of our discoveries on the ways in 
which nutrient appetites interact — the dance 
of the appetites, as it were — we were confident 
in putting forward another hypothesis: ina 
food environment that is protein-poor but 
energy-rich, people will overeat carbs and fats 
as they strive to reach their protein target. 

If true, the implications would be huge. 

It may come as a surprise, but we do actually 
live in a protein-dilute, energy-rich food 
environment. According to the UN’s Food 
and Agriculture Organization, between 1961 
and 2000, the proportion of protein in the 
average US diet fell from 14 per cent to 12.5 per 
cent, with the balance made up of fats and 
carbs. Given that shift, the only way people 
in the US could have maintained their target 
protein consumption was to increase total 
calorie intake by 13 per cent— more than 
enough to create an obesity epidemic. 

Intriguingly, in our experiments with 
people, we found that most of the extra 
calories eaten by those on a low-protein 
diet came from savoury snacks, especially 
those that tasted of umami, the signature 
flavour of protein. Protein-deprived subjects 
were craving things that tasted like protein, 
even though they were made of carbs. 

Our food environment is awash with such 
umami-flavoured carbs and fats, which we 
call “protein decoys”: crisps, instant noodles, 
crackers and so on. 

These are also known as ultra-processed 
foods, which we now seeasthemaincause >» 


23 May 2020 | New Scientist | 33 


PLAINPICTURE/DOROTHY-SHOES 


of the obesity epidemic. We are hardly the 
first to make that claim, but our research 
suggests we were looking at the problem of 
overconsumption the wrong way. It has less to 
do with these foods being full of fat and carbs 
than with them being depleted in protein. 

Ultra-processed foods are industrial 
creations designed to be irresistible. They 
include such common fare as pizzas, crisps, 
breakfast cereals, sweets, bread, cakes, 
mayonnaise, ketchup and ice cream. More 
than half of the typical US and UK diet 
is made up of ultra-processed foods, 
and some people eat them almost to 
the exclusion of everything else. 

The thing about ultra-processed foods is 
that they tend to be low in protein — which 
is expensive — and high in cheap carbs and 
fats. It is these foods that have largely been 
responsible for the dilution of protein in 
Western diets since the 1960s. And the 
more ultra-processed foods people eat, 
the more calories they need to consume 
to get the target intake of protein, with 
disastrous consequences. 

Ultra-processed foods make us fat, but not 
because we have strong appetites for the fats 
and carbs they contain, as is often thought to 
be the case. Rather, it is because our appetite 
for protein is stronger than our ability to 
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limit fat and carb intake. So, when protein is 
diluted by fats and carbs, our appetite for it 
overwhelms the mechanisms that normally 
tell us to stop eating fats and carbs. 

Ultra-processed foods also contain very 
little fibre, which is filling and so puts a brake 
on appetite. Their frequent flavouring with 
umami, which our protein appetite craves, 
only makes matters worse. As a result, we 
eat way more than we should. 

This realisation set us up to tackle the 
biggest challenge of all. Can this new view 
of appetite help us to fix our problems? 

The answer is yes. Here is how to take charge 
of your food environment and help your 
appetites work for rather than against you. 


How much protein? 


The initial step is to calculate your protein 
target. First, look up the daily energy 
requirement for your age, sex and level of 
activity. You can do this with something 
called the Harris Benedict equation 
calculator, available on numerous websites. 
Next, work out the portion of those 
calories that should come from protein by 
multiplying it by roughly 0.15 (that is, 15 per 
cent of energy from protein; this multiplier 
varies depending on age: 18 to 30-year-olds 


Your appetite evolved to keep 
track of the main nutrients 
you need ina healthy diet 


require 18 per cent (0.18), people in their 30s 
need 17 per cent and those over 65 should 
get 20 per cent). Then divide the resulting 
number by 4 to get the number of grams 

of protein per day you should eat (a gram of 
protein contains 4 kilocalories of energy). 

Finally, work out how to obtain that from 
protein-rich foods such as meat, fish, eggs, 
dairy, pulses, nuts and seeds. This is slightly 
complex, but the protein content of all these 
foods is available online and on food labels. 

Everything else flows from this. It 
will satisfy your protein appetite and 
automatically ensure that you don’t overeat 
carbs and fats. In fact, you don’t need to keep 
track of these at all, as your protein appetite 
will manage them for you. Just make sure 
you supplement the high-protein foods with 
mostly wholefoods, mainly plant-based, 
which will also supply the fibre you need. 

Most important, avoid ultra-processed 
foods. Keep them out of the house. You 
will eat them if they are there. They are 
designed to be irresistible. 

If you follow these steps, the rest should 
be easy. All you have to do is listen to your 
appetites — they will guide you towards a 
healthy and satisfying diet. That is what 
they evolved for: to work for you, not for 
processed food companies. ff 


David Raubenheimer is the Leonard P. Ullman 
Professor of Nutritional Ecology and nutrition theme 
leader at the Charles Perkins Centre, University of 
Sydney, Australia. Stephen Simpson is academic 
director of the Charles Perkins Centre. Both are 
professors in the school of life and environmental 
sciences at the University of Sydney. 


This article is adapted from their book Eat Like the 
Animals: What nature teaches us about healthy 
eating (William Collins), which contains much more 
scientific detail and practical advice on the dietary 
approach they recommend. 
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Features Interview 


Journey to 
the end of 
the universe 


Astrophysicist Katie Mack 
Studies the birth, lite and death 
of the cosmos. She snares ner 

predictions Tor the tate ot 
everything with Lean Crane 


OME day in the distant future, the 

whole universe will end. Katie Mack 

has made it her business to understand 
how. A cosmologist at North Carolina State 
University and one of the most popular 
scientists and science communicators on 
social media (her @astrokatie twitter account 
has over 350,000 followers), she has studied 
everything from dark matter and black holes 
to how the universe began, evolved and will 
eventually end — even inspiring a line by Irish 
chart-topper Hozier in which he sings “as 


Mack explained, there will be darkness again”. 


How and when that darkness will come is 
the topic of her book, The End of Everything 
(Astrophysically Speaking), set for publication 
on 4 August by Scribner in the US and Allen 
Lane in the UK. It is a daunting topic, but 
Mack has found that focusing on such 
enormous cosmic questions can bring a 

, degree of comfort in these troubled times. 
>= She spoke to New Scientist about her own 
story and that of the universe. 
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Leah Crane: How did you get into cosmology? 
= Katie Mack: As a kid I was always taking 

= things apart and trying to understand how 
3 they worked. At some point, I was exposed 
% to Stephen Hawking’s writing, and that 

# personality trait extended to the universe. 
5 I was always drawn to the weird stuff like 


black holes and time travel, things that didn’t 
have an easy, intuitive explanation. I did lots 
of reading about Hawking and I understood 
that he was called a cosmologist, so obviously 
I wanted to be a cosmologist too. 


What big cosmological questions are you and 
your colleagues working on right now? 
The biggest questions in cosmology right 
now are really around dark matter and dark 
energy. We have this weird situation where 
we've been able to quantify what the universe 
is made of to a very high degree. We can say 
what fraction of the universe’s energy density 
is matter and what is radiation, and we found 
out that a large proportion of the universe is 
made up of these invisible substances called 
dark matter and dark energy. 

Dark matter makes up about 27 per cent 
of the universe, but we only know it’s there 
because of the gravitational force it exerts 
on regular matter —we can’t see it. We think 
that dark energy makes up even more of the 
universe, about 68 per cent of everything. 
We know even less about dark energy, only 
that it makes space expand so that galaxies 
move apart at an ever-accelerating rate. 

It’s aconfusing situation where we can 
describe the universe perfectly, except 
for the fact we don’t understand its two 
biggest components. > 
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Surely there are some other big things 

that we don’t understand? 

There are also questions around the 
beginning of the universe. We think that the 
big bang, which was the beginning ofthe 
universe as we know it, happened about 
13.8 billion years ago, and the first tiny 
fractions ofa second after that saw the 
universe expand exponentially in a process 
called inflation. Most cosmologists agree 
that it happened, but there’s no solid theory 
on what would have caused it. 


Jumping to the far future, your upcoming 

book, The End of Everything (Astrophysically 
Speaking), is about the end of the universe. 

Do we know how that will happen? 

There are several possibilities that I discuss in 
my book. The one that I think is most likely 
based on current data is called the heat death. 

Ifthe universe is expanding, and ifits 
expansion continues to speed up, then space 
will get more and more dilute over time, 
which is to say there will be more and more 
space between each galaxy. Eventually, space 
gets so dilute that matter in the universe 
becomes less and less important. Galaxies 
stop colliding with each other, so they aren’t 
bringing in enough gas to make new stars 
and the old stars are burning out. Even black 
holes will disappear. 

As time goes on and things decay, that 
increases entropy, which is the disorder of 
the universe. Ifyou leave the universe alone 
for long enough and it’s decaying over time, 
you end up in this maximum entropy state 
where all that’s left is this tiny amount of 
background radiation known as waste heat. 
Once you get to maximum entropy, nothing 
else of importance can really occur. 


Of all the possible scenarios, which is 

your favourite? 

My favourite scenario is vacuum decay. It’s 
this idea that’s been around since the 1970s 
that our universe might not be entirely stable. 
It’s all based on the Higgs field, which is a field 
related to the Higgs boson, the particle that 
was discovered at the Large Hadron Collider 
(LHC) at CERN [the particle physics laboratory 
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near Geneva, Switzerland] in 2012. The energy 
of the Higgs field determines whether the 
universe is in its lowest possible energy state, 
known as atrue vacuum, ora false vacuum, 
which is a slightly higher energy state. 

The conditions in the early universe 
determined which state the Higgs field 
would be in, and if it’s in a false vacuum 
state, then it could spontaneously transition 
to a true vacuum. That would rewrite all the 
laws of physics and constants of nature as 
we know them. 

Physicists call this process vacuum decay. 
In the universe after vacuum decay, the new 
laws of physics would make it impossible 
for, say, molecules to exist, because the way 
that atoms interact with one another would 
be different. Space itself would be unstable, 
and eventually everything would collapse 
into a black hole. 


What could make this happen? 
Imagine balancing a glass right on the edge of 


PP 
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the table. It’s fine right now, but it would prefer 
to be on the floor because that’s the lowest 
energy state, and something could happen at 
any time that could push it over. Similarly, it’s 
possible that our universe prefers a different 
value of the Higgs field and the slightest touch 
could knock it over. Like the glass, it would be 
more stable, but it would be broken. 

There are two ways for this to happen. One 
would be that something disturbs the Higgs 
field. That would have to be an extremely 
high-energy event, much higher energy than 
we can even imagine. When the LHC first 
started up, there was some worry that its 
collisions could create a high enough energy 
to disturb the Higgs field, but they are 
nowhere near powerful enough to do that. 

The other idea is that the transition 
could happen spontaneously through a 
phenomenon known as quantum tunnelling. 
Ifyou have a particle on one side ofa wall, 
quantum mechanics says it’s possible for 
the particle to spontaneously appear on the 
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If the expansion 
of the universe 
keeps getting 
faster, galaxies 
including 
Andromeda 
(pictured) will 
eventually 
fizzle out 


other side. In theory, if you put a glass on 
the edge of the table, all its constituent 
particles could align and allow it to just 
spontaneously quantum tunnel to the floor. 
It’s extremely unlikely to happen, but we 
can’t rule it out. 

If something like this happened to our 
universe, a bubble of the new vacuum would 
spontaneously form within it: a region where 
we can’t exist, because our molecules would 
fall apart, and space itself collapses. And it 
would expand at roughly the speed of light. 
It would plough through the universe and 
destroy everything within it. Ifit got you, 
you wouldn't see anything or feel anything: 
you're just done. It’s this very dramatic way 
to destroy the universe. 


Should we be worried about it? 

There are several reasons not to worry 
about vacuum decay — for one, the false 
vacuum is predicted to stay stable for way 
longer than the current age of the universe — 
but physicists are paying a lot of attention 
to it now because our experiments do 
suggest that it’s possible. 


What comes after the end of the universe? 

Is it just nothingness? 

In my book, I define the end of the universe 
as the end of our observable universe — the 
volume of space that we can interact with, 
that has any impact on us or that we have 
any impact on. If everything in that region 
is destroyed, I rate that as the end of the 
universe. It doesn’t mean that there couldn’t 
be more space beyond that where more 
things continue, or another universe after 
ours, but for us, the end of the observable 
universe is the end. 


I have friends who don’t want me to talk to 
them about space because it’s big and scary, 
but I personally find it somewhat comforting. 
How do you feel about the end of the universe? 
When I was putting together this book, 
linterviewed a bunch of other cosmologists 
and astronomers about how they feel about 
the end of the universe: are they sad about 

it, or have they come to terms with the fact 


that we won’t go on forever? 

A few people said that it was really sad. 
One person said that when she gives lectures 
about the heat death, people sometimes cry. 

[haven't really decided how I feel about it 
yet. I’m still kind of trying to wrap my head 
around it in some meaningful way. Iam 
somebody who is not at all comfortable with 
the idea that I will die some day, for example. 
Intellectually, I know that that’s true, but it’s 
also terrifying. So the idea that the whole 
universe will die some day, that everything 
Ilove and care about will be over, is hard to 
wrap my head around. 


Does thinking about things on this 

massive scale help you put daily troubles 

in perspective? 

There’s something about studying the 
forces ofnature that changes how you 
view everyday life. It doesn’t so much make 
everything insignificant, but it makes clear 
how little control we really have. 

We live in a society with the illusion of 
control, and there’s a sense of security in 
how much we’ve altered our surroundings 
and built a world that suits us. But when 
you get to the bigger picture, we’re this tiny 
little speck of dust adrift in the cosmos with 
no say over what happens to our cosmic 
environment or the universe as a whole, 
however much we eventually come to 
understand it. 

Studying these kinds of things, it’s not 
like it’s reassuring at all, but it chips away at 
the illusion of control in a way that lets you 
step back a little bit. Sometimes things are 
just going to happen and the universe 
doesn’t care about any of it. 

All we can do is make the best out of what 
we have. There’s some amount of comfort 
in the fact that we’re all in this together, 
at the mercy of some of these bigger forces, 
and that’s OK. I 


Leah Crane is a New Scientist 
reporter based in Chicago. She 
tweets @DownHereOnEarth 
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*® An evolving crisi 


Insights into how viruses change over time can help us 


EVERAL weeks before the novel 
Soon became a serious issue 
in the UK, I attended a friend’s birthday 
party. Already, much of the conversation 
centred on the virus and the illness it causes, 
covid-19. While most people were talking 
about how to avoid catching it, one guest 
suggested that everybody “get infected to 
boost their immune system”. 
As a student of evolutionary biology, 
the idea alarmed me. I became even more 
concerned when, in early March, the UK’s 
chief scientific adviser recommended that 
= 60 per cent of the population be infected 
= with the coronavirus to build up herd 
: immunity. Of course, the government 
= rapidly ditched the policy and put the UK 
e into lockdown. However, now that infection 
& rates seem to have plateaued in several 


cope with this pandemic and avoid future ones, 
says Jonathan R. Goodman 


countries and governments around the 
world are looking for “exit strategies” 
from lockdown, talk of exposing people 

to the virus to build up herd immunity has 
returned. It remains a dangerous idea. 

To understand why, it is crucial to think 
about how the virus is changing as it jumps 
from host to host and circulates in the 
human population. As biologist Theodosius 
Dobzhansky said almost halfa century ago: 
“Nothing in biology makes sense, except 
in the light of evolution.” It may not seem 
obvious, but evolutionary processes have 
profound implications for pandemics. 

As wellas helping us think clearly about 

herd immunity, they can explain where 

new diseases come from and help predict 
where they are going. Yet, an evolutionary 
perspective has been lacking inthe current > 
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Pinning down the deadliness of 
SARS-CoV-2, the virus that causes 
covid-19, hasn't been easy. 
Undoubtedly, it is far more serious 
than a common cold - a quarter 
of which are caused by four other 
coronaviruses. But it is far less lethal 
than its sister disease, SARS, which 
struck in the early 2000s killing one 
in 10 of those who contracted it. 
However, estimates of the 
covid-19 mortality rate have ranged 
from below 1 up to 6 per cent, with 
the World Health Organization 
publishing a rate of between 3 and 
4 per cent in March. By early May, 
there had been more than 3.2 million 
confirmed cases worldwide, 
andsome 230,000 deaths, 
corresponding to a mortality rate 
of around 7.2 per cent. How many 
cases haven't been confirmed, 
and how consistently countries are 
deciding what counts as a covid-19- 
related death, is unknown. 
However, there are two data sets 
that offer a fuller picture. On the 
Diamond Princess cruise ship, all 
3711 passengers and crew were 
tested for SARS-CoV-2 and 1.2 per 
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cent of those infected subsequently 
died. In Iceland, which is the first 
country to attempt to screen the 
whole population, the mortality rate 
is even lower. By early May, more 
than 52,000 people had been 
tested, revealing 1800 cases and 
10 deaths, indicating a mortality 
rate of less than 0.6 per cent. The 
difference between rates might 
reflect the fact that the cruise ship 
passengers were older on average 
than the population of Iceland, with 
age a known risk factor for dying 
from covid-19. But there may be 
something else going on. 

What's especially significant 
about these two results is the time 
between them, says Paul Ewald, 
an evolutionary biologist at the 
University of Louisville in Kentucky. 
The Diamond Princess infections 
began in late January or early 
February, shortly after the pandemic 
started, whereas the outbreak in 
Iceland didn’t begin until later. If 
there is a true difference in mortality 
between these samples, it could 
indicate that the virus is evolving 
to become less deadly as it spreads. 


All those aboard the 
Diamond Princess 
cruise ship were 
tested for covid-19 


crisis. As we marshal all our reserves to 
fight this pandemic, evolution helps us 
better understand the enemy. 
We tend to think ofa virus as a sort of 
clone, replicating over and over again in 
thousands, or even millions, of hosts. In fact, 
each viral species comprises a group of 
closely related strains that are constantly 
changing in tiny ways. Virologists call these 
strains quasi-species or swarms, and they 
arise as a result of random mutations 
that occur when the viral genes are copied. 
Such copying errors are rife because viruses 
replicate so rapidly — up to a million times 
faster than we produce offspring. And viruses 
that encode their genes in RNA rather than 
DNA change even more quickly because 
RNA lacks DNA’s ability to repair mutations 
when they occur. RNA viruses include 
coronaviruses like SARS-CoV-2, which causes 
covid-19, and the more familiar influenza 
virus. The latter has just eight genes that 
encode 10 proteins, but it changes so much 
that it keeps infecting us anew each year. 
These strains are the key to virus evolution. 
Because of them, a virus is not only in conflict 
with other organisms — including the 
immune system of the organism it is trying 
to infect — but also with itself. Each strain 
competes to survive within a specific 
environment. This works to the virus’s 
advantage as far as natural selection is 
concerned. It means that when a virus 
enters anew host population, at least a few 
strains are likely to thrive in that particular 
environment, allowing the species as a whole 
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to adapt and survive. This rapid pace of 
evolution helps explain why viruses are the 
most abundant type of organism we know of. 
It also explains how a virus specialising in 
infecting one host species can quickly adapt 
to anew host -—as long as the context is right 
for significant evolutionary change. 


Deadly conditions 


The importance of context for viral evolution 
can be seen clearly with the H1N1 swine flu 
pandemic of 2009. The disease, which 
probably killed more than 250,000 people 
globally, started when the influenza virus 
evolved within a densely packed pig farm 
in Mexico. The virus was able to become 
extremely deadly, very quickly, because each 
new host was right next to the last one. In 
such conditions, survival of the fittest 
allowed the most aggressive, virulent strains 
to run rampant through the population, 
outcompeting the less deadly ones. Pigs are 
biologically similar enough to humans to 
pass on the newly evolved strain, so there was 
then an explosion of cases among people. 
SARS-CoV-2 seems to have emerged under 
similar conditions. It probably originated in 
bats, which are reservoirs for many viruses 
because their unusual metabolism makes 
them capable of hosting them without 
becoming ill. However, genetic comparisons 
indicate that by the time the covid-19 
pandemic began there were intermediate 
forms of the virus circulating in the Huanan 
wet market in Wuhan, where live animals 


“Coronaviruses 
encode their 
genes in RNA 


rather than 
DNA, so evolve 
more quickly” 


When humans 
and animals are 
crowded together, 
virulent new 
viruses can evolve 


and people crowd together. “High selective 
pressure allows one viral strain to become 
more successful in a particular species,” 
says Stanley Perlman at the University of 
Iowa in Iowa City. “The more times it infects 
a single host, the better it will do.” 

In other words, Wuhan’s bustling market 
provided the conditions in which a virulent 
strain of coronavirus could successfully 
adapt to a variety of host species, including 
humans. As with the swine flu outbreak, the 
current pandemic arose in conditions that 
humanity created. This is the first lesson 
evolution can teach us: pandemics tend to 
emerge when we put people and animals in 
close proximity — be they factory farms or live 
animal markets. We can’t stop viruses 
evolving, but we can reduce the risk of future 
pandemics by changing these conditions. 

An evolutionary perspective on swine flu 
also offers insights into what might happen 
next with SARS-CoV-2. As H1iN1 moved 
geographically from the epicentre of the 
pandemic, the disease became less deadly. 
This is a general trend for viruses and is seen 
in four other coronaviruses that have made 
the leap to humans in recent centuries and 
now cause a quarter of all common colds. 

To work out whether covid-19 will follow a 
similar evolutionary trajectory, we need to 
understand why the virulence ofa virus 
changes as it spreads. The Key here is that 
there is generally a trade-off between how 
lethal a virus is and how successfully it can 
spread. A pathogen that kills each host before 
ithas had time to infect othersusceptible >» 


23 May 2020 | NewScientist | 43 


BEN EVANS/HUW EVANS/SHUTTERSTOCK 


individuals will rapidly die out. So, while a 
highly virulent strain can thrive in conditions 
where hosts are crowded together, once the 
virus jumps into the wider population, 
natural selection will tend to favour strains 
that are less deadly. Put bluntly, dead hosts 
don’t travel, and so don’t spread the virus 

to new susceptible hosts. 

By this logic, SARS-CoV-2 should be losing 
virulence. One way to find out is to track 
mortality rates and see whether, over time, 
fewer people with covid-19 are dying. That 
requires accurate universal testing to find 
out how many people have been infected and 
hence what proportion of them has died. 

We don’t yet have that information, except 
for a couple of small data sets, which is why 
our current estimates of death rates from 
covid-19 vary so widely (see “How lethal is 
covid-19?”, page 42). 

There is another approach, although it is 
even more challenging: real-time tracking 
of pathogen evolution. In 2018, a group of 
researchers set up an open-source project 
called Nextstrain to do just that, looking at 
a range of diseases from seasonal flu and 
measles to West Nile virus and Zika. Now they 
have turned their attention to SARS-CoV-2, 
analysing all publicly available genomic 
sequences of the virus, and using analytic 
and visual tools to discover how it is 
changing as it spreads across the planet. 

“We look at the genetic material of the 
virus, evaluating the small changes over time 
as the virus copies itself over and over,” says 
Emma Hodcroft at the University of Basel, 
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Switzerland, who is a co-developer of 
Nextstrain. By comparing the random 
mutations in different samples, the team 
can start to see how strains are related. This 
lets them make what is called a phylogeny, 
an evolutionary history of the pathogen, 
“which helps us track how the virus is 
spreading through time and space,’ she says. 

Working out whether strains of SARS- 
CoV-2 are becoming less deadly is another 
matter, however. After decades of research on 
the flu virus, geneticists still struggle to make 
predictions about which strains are more or 
less virulent. Coronaviruses are larger than 
typical RNA viruses — they have about 30,000 
bases of genetic information compared with 
just 13,000 in flu —and it is unclear exactly 
what different genetic mutations represent 
in terms of evolutionary adaptations. What is 
clear is that SARS-CoV-2 isn’t changing much 
genetically. “The amount of diversity we’re 
seeing is basically nothing. The maximum 
difference is 40 differences in 29,000 bases,” 
says Hodcroft. “There just hasn’t been time 
for [natural] selection to act.” That said, 
we don’t know how much genetic change 
will be necessary to reduce the virulence 
of SARS-CoV-2. Just one mutation, ifit is 
the right one, can fundamentally alter how 
a virus affects human populations, says 
Susanna Manrubia at the Spanish National 
Centre for Biotechnology. 

On the other hand, there is a possibility 
that this particular virus won’t become 
milder. “Evolutionary predictions are much 
like weather forecasting,” says Manrubia. 
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“There are just too many variables.” And 
when it comes to predicting the evolutionary 
trajectory of SARS-CoV-2, two confounding 
factors stand out. First, there is the fact that 
people tend to transmit the virus to others 
very soon after they are infected, with some 
evidence suggesting that between a quarter 
and half of infections are asymptomatic. 
Then there is the huge variability in people’s 
responses, with a strain that causes minor or 
even asymptomatic disease in one individual 
able to kill another. “SARS-CoV-2 is spreading 
successfully, so short-term evolutionary 
changes aren’t necessary,” says Hodcroft. 


Losing virulence 


Others are more optimistic that SARS-CoV-2 
will become milder, although it is unknown 
how long this might take. After all, crowded 
conditions in Wuhan led to the evolution 
ofa virus that was both highly transmissible 
and highly virulent, and conditions are 
changing again as it circulates further from 
its source. That makes adaptation likely, 
even ifthe virus can be transmitted by 
people who lack symptoms, according to 
evolutionary biologist Paul Ewald at the 
University of Louisville, Kentucky. 

If SARS-CoV-2 is becoming less deadly, then 


we will have less to fear from it as time passes. 


What’s more, if we can catch it evolving we 
might even be able to give it a helping hand. 
“If mortality is declining, then the molecular 
make-up of the viruses associated with low 
mortality can be compared with that of 


“If we can catch 
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viruses associated with high mortality 

to determine any evolutionary changes,” 
says Ewald. In theory, we could artificially 
select more benign strains by strictly 
quarantining people infected with the most 
virulent strains — and anyone who has been 
in contact with them. In practice, this might 
not work, however. “Quarantining people 
with severe disease may lower the infection 
rate, but not necessarily the overall severity 
of the illness,” says Perlman. Until we 
understand why the same strain can be 
benign in one person and deadly in another, 
exposing people even to milder strains of 
the virus is risky, which is why the idea of 
herd immunity is problematic. 

Of course, there is another way to gain herd 
immunity: vaccination. But until we havea 
vaccine, most experts say the best policy is 
to limit the virus’s spread. Evolutionary 
thinking can help us cope, especially if we 
can integrate it into our predictive models 
to forecast how SARS-CoV-2 is likely to 
change through time and space. It will take 
unprecedented collaboration, but projects 
like Nextstrain illustrate that this is already 
happening. Dobzhansky was right. Evolution 
can help us make sense of covid-19. It can 
also reduce the risk of another pandemic 
like this happening in the future. I 


Jonathan R. Goodman is at the 
Leverhulme Centre for Human 
Evolutionary Studies, University 
of Cambridge, UK 
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New Scientist Events Astrophysics 


Mad, bad and... 


Black holes are perhaps the wildest objects ever 

to have emerged from the imagination of physicists. 

In the second ever New Scientist live virtual event on 

30 April, astronomer Chris Impey wowed the audience 
with what we know - starting, in this edited version of 
his talk, with why we know they must exist 


N ENGLISH clergyman called John 
A Michell first speculated in the 18th 

century what would happen if you 
hada star so massive that its escape velocity 
exceeded light speed. Back then, however, 
most people thought of light as waves, and 
nobody really understood how waves could 
be trapped by gravity. So the whole idea of 
dark stars disappeared for about a century — 
until we entered the world of Albert Einstein. 

Einstein was a rock star of physics back in 
the day. His general theory of relativity is a 
geometric theory of gravity. It says that mass 
curves space, or to be more accurate mass- 
energy (because Einstein had demonstrated 
these were equivalent with his equation E = 
mc’), curves a unified space-time, creating 
what we call gravity. 

A black hole is just an object so massive 
and dense that it curves space-time to the 
limit. That has truly odd effects. For example, 
in general relativity, gravity slows time, a fact 
that’s been confirmed in experiments on 
Earth. At the boundary ofa black hole, called 
the event horizon, gravity is so strong that 
time stops completely. 

Essentially any object sufficiently 
compressed can be a black hole. Physics 
allows for black holes the mass of dead stars, 
which is to say the size of a small town, but 
also ones that are much larger and smaller. 
In principle, if an evil alien genius empire 
decided to squash Earth down, it would form 
a black hole about the size ofa peanut, two 
centimetres across. 

The theory of how to make the first sort 
of black hole, the dead star, was done in the 
1940s by Robert Oppenheimer and Hans 
Bethe, as a by-product of the Manhattan 
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Project to build a nuclear bomb. They showed 
that when a massive star ran out of fuel at the 
end ofits life, its core would collapse. Their 
calculations, performed without computers, 
with just pure physics and equations, showed 
that this collapsed core would meet the 
definition ofa black hole. The hunt was on to 
find examples in nature. 

What were we looking for? According to the 
theory, black holes essentially have only two 
features. There’s the event horizon, which is 
not a physical surface, but an information 
membrane, a boundary between the outside 
universe and the things and information 
trapped in the black hole. Then there is a 
point of infinite mass density called the 
singularity at the object’s centre. 

Now that’s a problem. Stephen Hawking 
once said black holes contain the seeds of 
their own demise, because a singularity is 
a nonsensical thing; you cannot have 
infinite mass density. That’s one of the things 
we still don’t know about black holes: do 
singularities exist, and what does it mean if 
they do? 

A black hole sitting alone in empty space 
alone would not emit any radiation, so would 
be very hard to find. It wasn’t until 1969 that 
we found the first, and we still only have 
40 or 50 really good cases. That was when 
painstaking observations revealed that a dark 
companion in Cygnus X-1, a binary star 
system emitting an enormous amount of X 
rays, was a black hole. This dead star is pulling 
material from the visible companion onto it, 
accelerating the surrounding gas and heating 
it up soit radiates. 

It was Hawking, another rock star of 
science, who showed that even without this 


EVENT HORIZON TELESCOPE COLLABORATION 


The Event Horizon Telescope 
team captured the first direct 
image of a black hole in 2019 


New Scientist Events 


newscientist.com/events 


light show, black holes are, amazingly, not 
entirely black. In the vacuum of space, 
particle-antiparticle pairs appear and 
disappear all the time. If this pair creation 
happens near the event horizon, Hawking 
theorised that one member of the pair could 
become trapped inside the black hole, while 
the other escapes. The net effect is that black 
holes slowly lose mass or, equivalently, 
energy: they radiate and eventually fizzle 
away to nothing. 

The Hawking radiation from a normal 
dead-star black hole has a temperature of 
about a billionth ofa degree above absolute 
zero, which would be impossible to measure 
even if the black holes we see weren't in 
messy binary systems. So we still don’t know 


“Stephen Hawking 
showed that black 
holes slowly lose 
mass: they radiate 
and eventually fizzle 
away to nothing” 


if Hawking’s prediction is correct — but 
nobody’s found any flaws in his arguments. 

A similar problem came along when 
people wondered what happens to 
information in a black hole. If it simply 
disappears, that creates a profound paradox 
in quantum theory, which says that 
information can’t be lost. Getting round it 
has led to clever, untested ideas such as the 
holographic principle, which says that as stuff 
falls towards the event horizon, information 
becomes encoded on it, as in a hologram. Or 
there’s the firewall idea, which is a way of 
explaining how information might actually 
be destroyed at a black hole’s edge. 

Another speculation is whether tiny black 
holes, sometimes called primordial black 
holes, were made early in the big bang. At the 
moment we've got no evidence to suggest 
black holes the size of Earth squashed to a 
peanut — or smaller — do exist. But one of the 
most exciting discoveries has been black 
holes vastly larger and more massive than 
dead-star black holes, up to an incredible 
20 billion times the mass of the sun. 

We have a ringside seat for an > 
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intermediate-mass black hole 4 million times 
the sun’s mass at the centre of our galaxy. 
Starting in the 1980s, astronomers proved its 
existence using clever imaging techniques 
called adaptive optics to tease out the orbits 
of individual stars around it. We’ve even 
measured how the bending of space-time 
tweaks the orbit of one close star, an effect 
called the precession of the perihelion. When 
Einstein heard that this effect had been 
detected at a much smaller level with the 
planet Mercury, he got so excited that he had 
palpitations, as he knew it verified his theory. 
The black hole at the centre of our galaxy is a 
graphic demonstration of how general 
relativity works. 

Seeing is believing — and the first image 
of a black hole, produced in 2019 by a vast 
network of radio telescopes effectively the 
size of Earth, truly showed us they are real. 
This is a phenomenally sized black hole, 
6 or 7 billion times the mass of the sun, at the 
centre of one of the most massive elliptical 
galaxies that we’ve found, M87. The picture 
(see the previous page) shows the accretion 
disk of material around the black hole, anda 
central black blob that’s not quite circular 
because of distortions due to general 
relativity. This is the event horizon itself— 
which is larger than our solar system. 


Gravitational engines 


In principle, the region near a black hole 

acts as an incredible magnifying glass for 
light. If we could get better resolution with 
our radio telescopes, we would see a series of 
narrow rings around the event horizon, each 
capturing light that arrives from different 
directions in the universe — each one 
essentially, like frames of a movie, an image 
of the entire universe at an earlier time. It’s a 
truly extraordinary idea. We don’t have these 
observations yet, but we’re hoping for them 
in the next five or six years. 

Meanwhile, measurements from the 
Hubble Space Telescope and elsewhere have 
showed us that essentially every galaxy has 
dark masses or massive central black holes. 
When they are active, these are spectacular 
“gravitational engines”, emitting enormous 
amounts of radiation as they consume 
surrounding matter, converting it into 
energy far more efficiently than any star. 

But most are quiet, like the one in our galaxy. 
And while black holes are very interesting, 
exciting and fun, they do not dominate the 
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Your blackhole 
questions answered | 


Chris Impey also took questions from audience 
members after his talk. Here’s a selection of the best 


How do supermassive 
black holes form? 


We don’t completely know. In the 
present-day universe, every galaxy 
has a black hole that scales in size 
and mass with the galaxy. So which 
came first? Was there a tiny galaxy 
that formed a little black hole within 
it, and they both grew together? Or 
did the black holes form first, and 
become the seeds for galaxies? 

All this happened probably a few 
hundred million years after the big 
bang, a time we can’t probe with 
telescopes. But the betting is 
actually that the black holes formed 
first from a massive generation of 
stars very early in the universe. 
They would have been pretty beefy, 
50 to 100 times the mass of the sun, 
and formed the nuclei for the first 
small galaxies where they grew in 
tandem. 


How long do the black 
hole mergers that 
produce gravitational 
waves take? 


The black holes are doing a stately 
dance through the universe, 
circuiting each other and gradually 
falling in. They are emitting 
low-level gravitational waves 
probably for several years before 
they get close enough to do their 
final death spiral. LIGO only detects 
the crescendo, the last falling-in that 
takes minutes - with a peak pulse 
that lasts literally just seconds. 


If black holes 
compress everything, 
how come they're so 
big themselves? 


The truth is, we don’t know the 
internal structure of a black hole 
within the event horizon. All we can 
say is that within this radius there's a 
certain amount of mass. The theory 
says that the density goes up and up 
and becomes infinite at the centre, 
but we don’t know - the event 
horizon is a veil on our knowledge. 


Could black holes 
be dark matter? 


The idea of normal dead-star black 
holes being dark matter was ruled 
out pretty easily a long time ago. 
Every black hole is preceded by a 
supernova, and we'd see plenty of 
evidence for the supernovae, even 
if we couldn't see the black holes. 
Equally, we can probably rule out 
dark matter being made of very 
small black holes. If black holes 
evaporate by Hawking radiation, 
small black holes evaporate quicker, 
and would have been gone long 
before the present time. 

That does leave a little window 
open for in-between-sized 
primordial black holes that came 
from the big bang. They're awfully 
difficult to detect or design an 
experiment for. So while the answer 
is probably that dark matter is not 
made of black holes, we don't know 
absolutely for sure yet. 


Want to see Chris Impey’s full talk? 

Sign up for the event on-demand, including exclusive 
Scientist access to additional New Scientist content at 

newscientist.com/events 


SXS, THE SIMULATING EXTREME SPACETIMES (SXS) PROJECT 


universe in any way. If you make a pie chart 
of the universe, most of it is stuff we don’t 
understand: dark energy and dark matter. 
Normal atomic matter, the stuff we’re made 
of, makes up about 5 per cent, and black holes 
are 1000 times less abundant than that. The 
nearest black hole to the sun is several 
hundred light years away — which is probably 
a good thing. 

Another big innovation in our 
understanding of black holes came in 2015, 
when the Laser Interferometer Gravitational- 
Wave Observatory, or LIGO, detected two 
black holes merging at a distance ofa billion 
light years. Einstein’s theory predicts that 
any time masses change configuration, 
ripples in space-time radiate out at the speed 
of light. Detecting them took an incredible 
physics experiment capable of measuring 
disturbances in distance accurate to one part 
in 10”—a one with 21 zeros after it. LIGO has 
now made about a dozen detections of 
merging black holes. When it comes back 
with increased sensitivity next year, it should 
be detecting black-hole mergers about 


“Falling into a 


black hole left 
over when a star 
dies would bea 
very unpleasant 
fate” 


The gravitational 
waves now routinely 
detected by LIGO are 
ripples in space-time 
sent out by merging 
black holes or other 
massive objects 


once every week, turning this into 
routine, industrial science. 

Let’s deal now with an issue that 
sometimes comes up: death by black hole. 
Falling into a black hole that’s left over when 
a star dies would be a very unpleasant fate, 
with extreme tidal forces between your head 
and your feet or either side of your body. 
Spaghettification is the technical word, as 
you are stretched out at the level of muscles, 
bone fibres, and individual molecules. It’s 
not a pretty sight. 

But if you do the math, big black holes 
are not quite as dangerous. Their gravity is 
bigger, but it turns out the stretching tidal 
force is less. In principle, you could fall into a 
black hole above 1000 times the mass of the 
sun and survive. Seen from afar, your time 
would slow down, so that as you reach the 
event horizon, people would see you frozen 
for eternity at the point of falling in. Of 
course, even if you could survive falling into 
a black hole, you couldn’t get out or transmit 
the information out to tell anyone what 
you'd seen - what a shame. 

Let me close with how black holes play 
into the far future of the universe. As much as 
we like stars and galaxies, the sun and all stars 
will eventually die. The lowest mass stars, red 
dwarfs, live for hundreds of billions of years, 
but after a trillion years, all will be gone. What 
does a dead universe with no starlight, no 
fusion and no energy from stars hold for life? 
Could a civilisation like ours survive? 

And the answer is, absolutely. The best 
place to get energy is a strong gravity 
source, and black holes are the best gravity 
source ofall. Just send probes in close toa 
black hole, but not too close, and extract a 
little bit of their rotational energy. Even after 
all the black holes have been spun down, 

a civilisation could live off their feeble 
Hawking radiation. That way we could use 
black holes to power life long after the stars 
are gone. 


=) 


rv ra 

Chris Impey is an astronomer at the University of 
Arizona in Tucson, where he studies the large-scale 
structure and evolution of the universe. His latest 
book Einstein's Monsters: The Life and Times of 
Black Holes tells you even more of what you need 
to know about black holes 
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New Scientist Books The Brain: A user’s guide 


Thinking sideways 


Being smart is not always about 
the kind of intelligence measured 
by IQ tests - sometimes your brain 
has to be able to shift gear and 
look at things from a completely 
different angle. Test out your skills 
of lateral thinking with this quiz 
extracted from the New Scientist 
book The Brain: A User’s Guide 


1 What five-letter English word 
contains four pronouns? 


2 This group of words is most unusual. 
Why? If you look at it, you will possibly find 
out, but a solution is not all that obvious. 


3 The letters O, T, T, F, F ... form the 
beginning of an infinite sequence with 
a simple rule. What are the next two 
letters of the sequence? 


4 Two English words begin with the 
letters HE and end with the letters HE. 
Can you find them both? 


5 What positive fraction smaller than 
one is equal to itself when inverted? 


6 Using six line segments of equal 
length, can you construct four equilateral 
triangles, such that the sides of the four 
equilateral triangles are the same length 
as the line segments? 


7 Consider the letters 
H, |, J, K,L,M, N, O. The solution to the 
problem is one word. What is the word? 


8 The numbers 8, 5, 4, 9, 1, 7,6, 3, 2 
form a sequence. Find the rule for the 
sequence. 


9 Two fathers gave their two sons some 
money. One gave his son 150 rubles and 
the other 100 rubles. When the two sons 
counted their finances, they found that 
together they had become richer by only 
150 rubles. What is the explanation? 


10 What three-letter acronym 
contains four letters? 


11 What is the missing letter? 
yp ZN Ole: 


12 The meaning of acommon English 
word becomes plural when an A is added 
at its start. What is the word? 


13 Can you think of three plural 
nouns that become singular when 
‘s’ is added? 


14 In her work, my friend doubles 
the number of people that she sees 
every day. What does she do? 


15 What five-letter word 
becomes shorter when you add 
two letters to it? 


16 What is remarkable about this 
sentence? Show this bold Prussian 
that praises slaughter, slaughter 

brings rout. 


17 And what about the following one? 
lam not very happy acting pleased 
whenever prominent scientists 
overmagnify intellectual enlightenment. 


Want to check your answers? 
Flick sideways to page 54 


ILLUSTRATION: VALENTINA D’EFILIPPO 


SOURCES: MORTON SCHATZMAN, FUTILITY CLOSET 
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THE BRAIN: 
A USER'S GUIDE 


Packed with fascinating science on everything from 
memory and sleep to the mysteries of consciousness 


and the self, plus surprising infographics, optical illusions, 


quizzes and DIY experiments, The Brain: A User's Guide 
is New Scientist's ultimate companion to the most 
complex object in the known universe 


Get your copy delivered to your 
door and receive a 10% discount* 
at shop.newscientist.com 

*10% discount only available from shop.newscientist.com. 


Enter code BRAIN 10 at checkout. Only one code to be used per 
order. Offer closes 1 July 2020. 


Kingston 
University 
London 


Don’t worry, Clearing 2020 
is still happening. 


The back pages Puzzles 


Puzzle Cartoons Feedback Last word 
Who willsurvive The lighter side of life Sanitiser moonshine; How do urban trees 
aspaghetti western with Tom Gauld and maths on the cheap: get enough water? 


shoot-out? p54. Twisteddoodles p54. the week in weird p55 Readers respond p56 


Quick crossword #58 Set by Richard Smyth 


Scribble 


ee 
BHEEREEEs Ht 
SERRE BE 


Answers and 


rT tT | |] dT dTdT | dT rd] | | | Pe 
crossword next week 


Quick quiz #52 


1 What type of triangle has no 
sides or angles of equal size? 


2 In whose triangle of numbers 
is each successive line of digits 
formed by summing the two 
digits immediately above? 


3 Between the cities of Leeds, 
Bradford and Wakefield in Yorkshire, 
UK, lies a triangle famous for what 
bittersweet vegetable? 


& The Bermuda Triangle’s 
boundaries are drawn by believers 
between Bermuda, Miami in 
Florida and what US-dependent 
city in the Caribbean? 


5 Hypothesised by Czech chemist 
Erich Clar in 1953, what name is 
given to an oddly shaped diradical 
molecule with the formula C,,H,, 


finally synthesised in 2017? 


Answers on page 54 
ACROSS DOWN 
1 Large Pacific seabird, Sula nebouxii (4-6,5) 2013 book by Sheryl Sandberg (4,2) . 
9 Dunegrass (6) ___ seal, pinniped also called an otary (5) Cryptic 
10 Form of reasoning based on how the subject Relating to electrical resistance (5) Crossword #31 
looks, walks and quacks (4,44) After yesterday, before tomorrow (5) Answers 


11 Data corruption (3,5) 


10-sided polygon (7) 


ONOUFWN 


14 Margaret ___, US astrophysicist (6) Base-8 (5) ALROSS 7 Damage, 8 Adonis, 9 Germ, 
17 ACen(5,8) Yb (9) oe pogo anes a 
20 Medication and dye, discovered 1876 (9,4) 12 Vacant (5) ane: ape even 


23 ENSO warm phase (2,44) 

25 State of equilibrium between Earth's crust 
and mantle (8) 

28 Narrow-side foremost (8) 

29 Meteor associated with the comet 
Tempel-Tuttle (6) 

30 Kort nozzle (in marine engineering) (6,9) 


13 Winged termite, for example (5) 

15 Wingless parasite (5) 

16 1954 sci-fi novel by Richard Matheson (1,2,6) 
17 Filament-forming protein (5) 

18 1to1(5) 

19 Ankle bone (5) 

21 Big cat, Panthera pardus (7) 

22 Neck brace (1,5) 

24 Unreactive (5) 

25 Interferometric synthetic aperture radar (5) 
26 Wild flower, Primula elatior (5) 

27 Online abuser or provocateur (5) 


21 Code, 23 Insect, 24 Edited 


DOWN 1 Cave, 2 Tarmac, 3 Fermata, 
4 Pauli, 5 Cornea, 6 Sine wave, 

12 Proteins, 14 Spaniel, 16 Spider, 
18 Urchin, 19 Booth 22 Deed 


Our crosswords are 
now solvable online 
newscientist.com/crosswords 
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Tom Gauld 
for New Scientist 


A DIAGRAM OF MY SCIENTIFIC METHOD 


MAKE AN 
OBSERVATION 


Twisteddoodles 
for New Scientist 


BACTERIA LOVE To PRANK RESEARCHERS 


ok, theyre 
Setting up 


another 
experiment 


That graphs 
what we di 
last time! 


Baicciant! 
They wont Know 
which iS 


This time 
were doing 


this‘ night ' 


~ 


@twisteddoodles 
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Quick quiz #52 
Answers 


1 Ascalene triangle, 2 Pascal's 
triangle, used in combinatorics 

3 Rhubarb, 4 San Juan, Puerto Rico 
5 Triangulene, for reasons that 
become obvious when you see its 
chemical structure 


Test your lateral 
thinking (p50) 


Answers 


1 USHER (Us, She, He, Her) 

2 The sentence contains no E 

3S, S (standing for SIX and SEVEN) 
& HEadacHE and HEartacHE, 5 6/9 
6 Make triangular-based pyramid 
7 WATER (as in H20 or H to O) 

8 They are ordered alphabetically, 
according the letter the number 
begins with, 9 They are grandfather, 
father and son, 10 DNA (this 
molecule, which carries genetic 
instructions, is constructed from 
four different molecules called 
nucleotides referred to by the letters 
A, T, Gand C), 11 N (all these capital 
letters are the same when rotated 
180 degrees), 12 Yes, 13 Bras, 
millionaires, princes, 14 She is a 
midwife, 15 Short, 16 All the words 
turn into another word if you drop the 
first letter, 17 Each word is one letter 
longer than the preceding word 


Puzzle 
set by Rob Eastaway 


#60 Mexican standoff 


The Good, the Bad and the 
Bumbling have decided the only 
way to resolve their differences 
is with a three-way duel, akaa 
Mexican standoff. They stand in 
a triangle, each armed with a gun 
and unlimited ammunition. As 
you might expect, Good has the 
deadliest shot: he kills his target 
99 per cent of the time. Bad is 
more hit-and-miss: his success 
rate is 66 per cent. And Bumbling, 
in his role as the comedy relief, 
only fatally hits the mark 33 per 
cent of the time. On a count of 
three, each will draw their gun 
and, using the best strategy they 
can, will keep shooting with the 
aim of being the last spaghetti 
westerner standing. 


Roughly what is the chance that 
Bumbling will survive? 


Answer next week 


#59 Celebrate 
the differences 


Solution 


Reading row by row: 374/968 / 
251. The middle-left number has 
six connections so it must be 1 or 9, 
but 1 can be ruled out because it 
doesn’t connect to 44's neighbours, 
which must include 7, 8 or 9. By 
considering the highest possible 
numbers that circles can now 
contain, the only places for the 6 are 
the bottom right (which eventually 
leaves two low numbers cramped 
together on the bottom row) or in 
the centre. The latter case works, 
but requires 5 in the bottom middle. 
Using the “Not 1” rule fills in the rest. 


a 
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The back pages Feedback 


Re:Re:Re: Emails 


With great power comes great 
responsibility, the inside lid of a 
Snapple bottle once told us, and 
Feedback has often been struck 
by its sagacity. 

Never more so than on receipt 
of a group email where the list of 
addressees has been typed into the 
box marked Cc rather than Bcc. If 
you have been in such a situation 
yourself, with the opportunity of 
pressing “reply all” and clogging up 
the servers of a major organisation 
for the best part of an afternoon, 
and resisted the temptation, then, 
well, suffice it to say that you are 
a purer soul than we. 

Fortunately — or not, if you are 
of a similarly puckish persuasion - 
Microsoft has vowed to bring the 
era of Reply-All Storms to an end. 
According to a story in Gizmodo, 
its new Reply All Storm Protection 
software “detects possible reply-all 
screw-ups and essentially puts all 
recipients on a temporary time-out”. 
If you are unsure whether your 
organisation has already adopted 
it, Feedback can think of one 
fool-proof method to find out. 


Problem solving pros 


Success as a professional 
mathematician, Feedback has 
often been told, depends on 

an ability to think creatively. 

No idea is too stupid, no approach 
too far-fetched. The knottier the 
problem, the more rigorously 
this advice applies. 

Take the Millennium Prize 
Problems, a set of seven 
conjectures, six of which are 
unsolved, worth $1 million 
each fora correct proof. If you 
suggested that correct solutions 
could be obtained by appointing 
you president of the International 
Mathematical Association and 
providing you with a lifetime 
supply of HB pencils, then the 
global mathematics community 
would shrug their shoulders and 
say it was worth a shot, boss, 
now can we borrow a pencil? 

For that reason, we weren't 
particularly surprised to see 


ANTRAL TERIAL U4 


University College London’s 
mathematics department 

pay tribute to a particularly 
unconventional approach to 
solving one of the problems. 
The technique centred around 
crowd-funding the fee for an 
online essay mill called 
payforessay.net, which claims to 
produce academic papers tailored 
to your exact specifications. 

In what appear to be screenshots 
ofa text conversation between 
one particularly enterprising 
mathematician (p.e.m) and the 
company in question, the p.e.m 
asks the company to write an 
essay on the existence of smooth 
solutions of the Navier-Stokes 
equations, essentially solving 
the problem and securing the 
million dollar prize. 

“In this case you did correct by 
contacting us,” the firm replied. 


“The price is usd$24.05.” A bargain. 


F) 


Got a story for Feedback? 

Send it to feedback@newscientist.com or 

New Scientist, 25 Bedford Street, London WC2E 9ES 
Consideration of items sent in the post will be delayed 


Cleaning fluid 


Ever since water was first shown 
to be transformable into wine 
(manuscript still in review), the 
relative transmutation of liquids 
has been big business. Never more 
so than in the early stages of the 
coronavirus pandemic, when 
armchair alchemists the world 
over raced to turn their household 
minibars into ineffective hand 
sanitiser. It was only a matter 

of time, alas, before some 
unscrupulous soul realised a 
profit could be made by running 
that process in reverse. 

It gives Feedback no joy to report 
on aman arrested in the Indian state 
of Madhya Pradesh for allegedly 
doing just that. His transformation 
of hand sanitiser into alcohol was 
dangerous, illegal and a waste of 
valuable coronavirus-countering 
fluid. Fortunately, according to the 


local superintendent of police, 
no other such cases have been 
reported. We'll drink to that! 


Love in the time of covid 


There is a nasty rumour going 
around that professional 
journalists are territorial about 
their contacts. 

In our experience, nothing 
could be further from the truth. 
You should see the press releases 
Feedback’s colleagues selflessly 
pass on to us, unhesitatingly 
depriving themselves of the 
chance of exclusive interviews 
with some of the most exciting 
innovators in science and 
technology. 

Whether it’s the founders ofa 
tech start-up who fight climate 
change by putting pigeon 
droppings on the blockchain, 
or a psychic television personality 
with Thoughts about time travel, 
little do they care whether or not 
Feedback gets there first — the 
important thing is to be generous. 

We are particularly grateful this 
week for a forwarded press release 
on behalf ofa television panellist 
and PR industry titan willing to 
comment on the latest 
coronavirus developments. 

Some weeks ago, you may 
remember, Imperial College 
epidemiologist Neil Ferguson 
resigned as an adviser to the 
UK government, following 
lurid allegations that his 
personal behaviour violated 
lockdown guidelines. 

This raised all sorts of deep and 
interesting questions — about the 
intersection of private and public 
life, the need for impartiality in 
scientific advice and the challenge 
of delivering a politics-free public 
health message. 

But most important ofall, as 
the press agent of this anonymised 
PR giant was quick to point out, is 
her client’s specialist subject: “The 
difficulties of conducting an affair 
during lockdown”. Stand back, 
fellow scribblers — Feedback’s 
going to bag ourselves a Pulitzer. ! 


Written by Gilead Amit 
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Concrete jungle 


How do large trees in cities get 
enough water to live on when most 
of the area around them is paved 
with concrete and asphalt? 


Peter Peters 

Sherborne, Dorset, UK 

Virtually no paving construction 
is impervious to water. 

Rain and water running along 
the street will percolate through 
cracks in concrete that are 
caused by ground movement. 
Water will also pass through 
joints where the paving meets 
other construction and soak 
through many coarse or 
bituminous surfacing materials. 

Depending on the nature of the 
subsoil, water will diffuse laterally 
to reach tree roots, particularly tap 
roots of some species that are set 
deep. Some geological formations 
will also allow lateral diffusion 
over considerable distances, 
even many kilometres. 

Driving rain falls on leaves 
and twigs and often stays on 
these convex surfaces because 
of the tendency ofa jet of fluid 
to stay attached to a convex 
surface —- known as the Coanda 
effect. It then runs down the 
bark of branches, limbs and trunks 
and can percolate through the 
small area of loose material 
directly over the root mass. 

Many species of tree can also 
absorb rainwater through their 
leaves in order to survive. 

If you observe the soils arising 
from public utility excavations 
of paving, you may be surprised 
by how moist they are. 


Tony Goddard 
Trelech, Carmarthenshire, UK 
In the late 1980s, I worked for 
what was, at the time, utility 
company Eastbourne Water. 
Back then, one of the water 
sample collectors told me that a 
lot of trees got by because of the 
number of leaks from the mains 
pipes. He even said that repairing 
the pipes led to trees dying. I hope 
this isn’t so much the case now, 
given the need to conserve water. 
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This week’s new questions 


Rest stop Why didn’t we evolve to let parents get more sleep? 
Wouldn’t offspring with well-rested parents be more likely 
to survive? Isabelle Chaize, London, UK 


Worm welcome Worms stir up soil. Why don’t they harm 
plant roots? Mike Griffiths, Croydon, Surrey, UK 


Extreme preservation 


If | wanted to be buried so that 

| was eventually fossilised, for 
possible discovery in the far future, 
where would be the best location 
on Earth to do this? 


Jonathan Wallace 

Newcastle upon Tyne, UK 

If your aim is to be fossilised 

after you die, I would suggest that 
you ask your relatives to sink 
your body rapidly into one 

of the “dead zones” that occur 

in some of the world’s seas. 

Where large rivers meet the 
sea, the massive organic load 
sometimes results in low-oxygen 
conditions over vast areas 
that are largely devoid of most 
living organisms. 

In such anoxic conditions, 
your body is unlikely to get eaten 
by fish, crustaceans or other 
scavengers. At the same time, 
the huge amount of sediment 
coming from the river as the 
current slows should ensure that 
your body will be rapidly covered 
by layers of sediment that will 
potentially become sedimentary 
rock in aeons to come. 


A good location might be in the 
Gulf of Mexico, in the area where 
the Mississippi disgorges itself. 
Parts of the Black Sea would also 
be good candidates. 


Jon Noad 
Calgary, Alberta, Canada 
There are many ways to get 
fossilised. If you want the process 
to go quickly, then find a tree that 
exudes resin. Leave your body 
at the base of the tree and allow 
the resin to gradually cover it. 
Eventually, the resin will turn 
to amber. The only problem is 
that you would need to find a very 
large tree, because the amount of 
amber created by this process is 
generally quite small. It might be 
possible to fossilise your head, but 
probably not your whole body. 
Other places where at least 
parts of your body could be 
encased in sediment include 
streams that run through 
limestone. The dissolved 


Why didn’t humans 
evolve to let parents 
get more sleep? 


lime (calcium oxide) precipitates 
as travertine, a sedimentary 
rock that is a form of limestone 
rather like the calcium carbonate 
that coats the element in your 
kettle. Travertine can quickly 
cover small items. 

A slower yet perhaps more 
straightforward approach 
would be to bury your body 
beneath the sea ora lake bed, in 
an area where there is little oxygen 
permeating into the substrate, so 
that scavengers cannot invade the 
sediment and eat you. 

Many soda lakes in Africa fit 
this profile, although their alkali 
water can be caustic, and might 
eat away at your remains. But 
the calcified remains of animals 
found around Lake Natron in 
Tanzania suggest that this 
method could work. 

Choose a lake with slow-moving 
currents, because the sediment 
being deposited will be fine- 
grained. This will lead to less 
disturbance and to better 
preservation of your soft parts 
as a black carbon film, and with 
luck may even preserve your 
facial features. Deep sea beds 
should also work well, which is 
what created the famous Burgess 
Shale in British Columbia, 
Canada, for example. 

The best option may be 
northern Australian coast. 

The unique geochemistry of 
the mangrove muds lead to 
animals such as mangrove 
lobsters (Thalassina anomala) 
becoming fossilised in as little 
as 5000 years. 

Burying your corpse here 
should guarantee fossilisation, 
with the bonus that a nodule 
called a concretion will form 
around you that will preserve your 
skeleton in three dimensions. !! 


Want to send us a question or answer? 

Email us at lastword@newscientist.com 
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